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3J  'i'l'ODUGTIOK 


The  present  pilot  ntuily  i.r-  ptblishad  in  two  volumes.  Volume  I 
outlines  the  study  el  fort  r;i'i  presents  the  results  of  the  first 
six  months  stucfyo  Volume  II  contains  working  papers  on  informa¬ 
tion  gained  during  the  course  of  the  study,  generally  expanding 
in  some  detail  topics  in  certain  fields  of  Vo.luoe  I0 


Ik)  effort  Ins  bean  expended  in  editing  Volume  II.  The  topics  of 
this  volume  aro  .Listed  in  the  order  in  which  they  appear  in 
Volume  I0  Tima  limitation  did  not  parrel  1,  organising  and  completing 
Volume  II  for  formal  presentation 0 


■3ubmari.na  Das Ijjn  Data 


Consideration  is  given  in  this  study  of  the  strike -submarine  weapon  system 
to  she  following  combinations  or  submarine  types  and  missile  types: 


Submarine  Type 
Fleet  Conversion  - 
New  Construction 


Submarine  Power  Plant 
Diesel  -*  Electric 
Nuclear 


Missile  -?ype 
Ballistic 


Cruise 


Genortliz.ed  submarine  design  d'Vfcu,  re  presented  below  for  the  above  combinations ? 
The  basis  for  these  data  are  exJb  t*  ig  submarine  designs  and  a  preliminary  sub¬ 
marine  design  r  tudy? 

These  submarine  data  are  e.iployc  a.c  the  determination  of  the  relationship  botveen 
aubtarine  displacement  (surface  )  ana  missile  range?  This  developed  relationship 
provides  data  for  use  in  the  determination  of  force  requirements.  Chapter  9 , 
weapon  system  costa.  Chapter  lO,  i  weapon  system  operational  availability ; 
Chapter  11. 

A,  SUBMARINE  DESIGN  DATA  -  NEW  CONSTRUCTION  ^  • 

lo  Summary  of  Submarine  Da  sign  Study  Asaunptions  and  Approach 
Method 

Scaling  techniques  were  developed  for  submarine  displacement 
as  a  function  of  component  weights  and  volumes?  The  constants 
for  these  equations  were  evaluated  in  accordance  with  mission 
requirements  ?  Then  using  the  above  functions  the  amount  of 
weight  and  volume  available  for  the  ship 9 s  propulsion  machinery 
and  armament  was  computed  for  various  values  of  displacement? 

Next  the  space  and  weight  requirements  for  the  propulsion  plant 
were  assembled o  Ai.se  ship's  power  requirements  were  computed 
as  a  function  of  displacement  and  speed?  The  power  was  then 
translated  to  power  plant  weight  and  volume  requirements?  These 
values  when  subtracted  from  the  space  and  weight  available  for 
armament  and  machinery  will  leave  the  available  charactorl  sties 
for  armament o  *the  ratio  of  the  available  armament  weight  and 
volume  will  give  the  allowable  packing  density? 

l)  Letter  No?  Iii0/12  30/JSL/’ JVH  from  AoIcMcEee,  Electric  Boat,  Division  of 
Qenerai  Dynamics  Corporation,  to  C0N7AIR,  ^omona,  Division  of  General 
Dynamics  Corporation,  At  uni  Hr  ,  Julias  Jcnas,  dated  august  22,  1955, 

Subject:  RPcrwar(iing  of  Tbciga  Katai’laX  (fir  ,  portion  of  the  strike-’ 
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For  every  ccne  the  allowable  ara&ment  packing  tensity  was 
greater  thar  the  adsaile  installation  requirements,  con¬ 
sequently  thr:  designs  are  volum  *  controlled  and  the  curves 
are  presented  on  thin  basis o 

Woljftt  an j  Velum*  Sc^uatlona : 


These  equations  assume  an  approximate  geometric  family  of 
vessels  and  thus  normal  sealing  rules  holdo 

NOMENCLATURE 


LENGTH 

SURFACED  DISPLACEMENT 
SUBMERGED  DISPLACEMENT 
SURFACED  VOUJidE 
SUBMERGED  VOLUME 
MACH INERT  WEIGHT 
MACHINE  RI  VOLUME 
ARMAMSNT  WEIGHT 
ARMAICNT  VOLUME 
PERSONNEL  (NUMBER) 


w  L 

«  A  surf  o 

-  subo 
«  Tv'  surf-, 

-  ^  subo 
..  MZl 

-  nsy 

-  aA 

■=■  A\/ 

-  P 


WEIGHT  EQUATION! 


eurtf  "  1 


‘surf 


A 


2/3 

surf 


1/3 

surf 


c  P+  AAfC 

U  S' 


VOLUME  EQUATION! 


Vwrf-  l  V 


surf 


„2/3  + 

v  surf 


,7V3  f 

>/  surf 


Y^+Av 


aurf  when  computed  in  this  fashion  may  not  necessarily  be 
equal  to  \78UTr o  The  larger  term  will  control  the  design  and 
the  other  adjusted  to  reach  the  equality,  purf  '  aurf  ° 

Volume  in  every  case  was  found  to  be  controlling,, 


Assumptions  in  the  evaluation  of  these  equations! 

1-  The  SSG  will  require  shipBs  equipment  similar  to  the 
advanced  attack  submarine  of  today. 

2,  The  hull  will  be  designed  for  at  least  700  fsst  oper¬ 
ating  depth, 


C  R  E  T 


1 '  Fifteen  f arc^nt  buoyancy  viLl  ba  supplied: 

J„e.,  15  •*.  slTf  =  Jub. 

it.  The  shif  J  s  parsonnal  trill  v.-.ry  as  or  v^7  ^  •  - 

a  2000  h>r\  vessel  carrying  Co.. 

5  .  The  diesel  SSG  will  bo  essentially  a  double  hu.ll.  cr?iut  ... 

‘V.  The  nuclear1  SSG  will  have  a  greater  portion  of  single 
hull . 

fefense  .sraanent  will  include  2  svimout  tubes  and  U 
counter-  ajeasure  torpedo 3 

Power  Calculations: 


For  estimates  of  submerged  powec  the  adnirelty  type  equation 
'.?as  used: 

NOMENCLATURE 


SHIP « S  SPEED 

-  vs 

POWER  GurSTaNT 

K 

SHAFT  HORSE  POWER 

P* 

GROSS  J1SPLACE1ENT 

SUBMERGED  POWER  EQUATION: 

P  K  7^  2/3 

The  K  term  combines  the  dreg  coefficient  and  propulsive  efficiency 
Design  techniques  can  affect  ccrsiderable  variation  of  the  K  value 
The  values  selected  are  considered  within  reason  for  the  service. 
To  recognize  the  more  adverse  configuratirns  anticipated  for  the 
cruise  missile  carrier  K  of  ..0055,  Figure  A--1,  was  selected  lr.  con 
trast  to  the  o0050  for  the  ballistic  missile  boat.  Figure  A»2t. 

For  the  diesel  SSG  the  disseise lectric  power  plant  is  rated  on  the 
basis  of  surfaced  speed  which  represents  its  greater  spied  capabil 
ity,  Figura  A-3 c  To  obtain  surface  geometric  series  of  the  fleet- 
hull  was  developed  and  referred  *0  Taylor fs  Standard  Series, 

Assumptions  used  in  power  calculations: 

lo  The  diesel  SSG  will,  be  able  to  operate  surface!  for 
sufficient  time  to  justify  tie  use  of  a  good  surfaced 
hull  form,. 
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i 

f., 


r 
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NOMENCLATURE 


aT7-Uo09  t  O0O3) 


NUMBER  OF  MISSILES 

ciunderical  voujme  of  missiles 

MISSUS  DENSITI  BASED  ON 
GROSS  VOLUME  OF  ARMAMENT  SPACE 

where  A^.  is  measured  in  long  tons 

£#  +  lo0$(0o0l56pnv)+-2,7$  nv-hli  vj^ 


-  n 

-  v 


of 


saltwater  0 


Let  p  -  62  lb/ft3 


Equation  A-l*  A^_*,  =  2Qtk*h&  ▼1"lio22  m  (For  computations  see  Figure  A-U) 

Far  the  submarine  design  baaed  on  carrying  solid  propellant 
ballistic  guided  missiles  the  armament  volume  equation  ia  as 
follows*  because  of  a  difference  in  missile  density: 


Equation  A-2: 


s  20-/*UoU8  v-Mio63  vn  (For  computations  see  Figure  A-5) 


In  the  case  of  the  submarine  design  based  on  carrying  Mach  3°5 
ramjet  cruise  guided  missiles  the  development  of  the  cruise 
missile  packing  is  similar  to  'that  of  the  ballistic  missiles o 
Handling  and  loading  space  allowance  is  equivalent  to  two 
missile So  The  armament  volume  equation  is  as  follows: 


Equation  A-3* 


y28-f*2o2li  rV*3«U2  nv  (For  computations  see  Figure  A~6) 


2,  Determination  of  Submar  ine  GLaplacemont 


The  armament  volumes  required  for  the  three  types  of  missiles  described 
in  Chapter  3t  which  volumes  are  confuted  from  the  above  Equations  A~1 
through  A«3  and  presented  in  Figures  A— 14  through  A-6,  are  plotted  in 
Figures  A-7  through  A-12  as  a  function  of  missile  gross  weight  and  sub¬ 
marine  missile  loading  capacity o  Other  items  of  data  plotted  in  Fig— 
ures  A-7  through  A-12  are  as  follows:  Missile  range  vs»  missile  groes 
weight  for  guided  missiles  dssigned  to  carry  fifteen  hundred  pound  war¬ 
heads}  submarine  surfaced  displacement  as  s  function  of  armament  volume 
and  submarine  speed}  and  submarine  propulsion  power  as  a  function  of 
submarine  speed  and  submarine  surfaced  displacement o  Figures  A-7  through 
A-9  show  the  data  for  nuclear  powered  submarines*  and  Figures  A-10  through 
A-12  depict  ths  data  for  dieael-electric  powered  submarine  s» 


The  data  contained  in  Figures  A-7  through  A-12  are  plotted  so  that  sub¬ 
marine  displacement  (surface)  may  be  determined  as  a  function:  Of  missile 
range  and  submarine  missile  loading  capacity*  Figures  0-15  through  0-20 
in  Part  0*  Volume  II  a  These  data  are  employed  in  the  determination  of 
system  force  requirements*  costs*  and  operational  aval lability o 
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Bo  SUMARINE  DESIGN  DATA  *  FLEET  CONVERSION‘S 

Xo  Method 

This  study  has  been  restricted  to  the  consideration  of  conversion 
of  the  fleet  guppy  Involving  no  major  hull  alterations  o  With  this 
restriction,  missile  stowage  will  be  either  within  existing  torpedo 
stowage  spaces  or  within  an  external  hanger  addedo 

2o  Internal  Stowage 

The  internal  stowage  spaces  are  tailored  for  21  foot  missile So  The 
ballistic  missile  with  a  L/D  of  ll/l  can  realise  the  full  stowage 
oapacity  of  2h  if  tube  stowage  can  be  tolar&tedo  No  substantial  in¬ 
crease  in  missile  else  can  be  accomodated  unless  the  missile  L/D  is 
decreased,  The  configuration  of  the  small  cruise  vehicle  does  not 
make  internal  stowage  practical 

3u  Dade  Hanger  Stowage 

The  following  two  criteria  ware  aet  for  the  deck  hanger  Installations 

s«  The  surfaced  displacement  of  the  converted  submarine  must  not 
exceed  that  of  the  emergency  fueled  condition, 

ho  The  OH  of  the  converted  vessel  must  not  he  lees  then  that  for 
the  vs  seel  in  emergency  conditions 

These  criteria  dictate  that  the  density  of  the  missile  installation, 
VOLohangsr  ,  he  approximately  2$  pounds  of  cubic  feet* 

W.  missile  installation 

The  feasibility  of  construction  of  the  missile  installation  within 
this  value  of  density  is  confirmed  by  the  Begulus  conversions,  To 
maintain  the  emergency  surfaced  displacement  fuel-ballast  tanks, 

1*A,  1*B,  5 A  end  5B  are  used  for  water  ballast  and  define  the  cut-off 
point  for  missile  installation  volume  of  170  tons* 

On  the  basis  of  deck  stowage  consistent  with  the  Bsgvlus  type  conversion, 
in  accordance  with  the  assumptions  in  Chapter  1,  and  in  accordance  with 
the  various  system  configurations  described  in  Chapter  6,  only  converted 
World  War  II  diesel-electric  fleet  type  submarines  with  a  missile  load¬ 
ing  capacity  of  two  missiles  are  considered  in  this  study, 

1)  Memo  from  J»Shsf field  Leonard,  Electric  Boat,  Division  of  General  Dynamics 
Corporation,  to  CCNVaIR,  Pomona,  Division  of  General  Dynamics,  dated 
1$  September  1955,  Subjects  "Summary  of  Submarine  Design  Study  Assumptions 
end  Approach,  SSO  Fleet  Conversion" ,  Confidential 
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volume  of  propulsion  system 

velocity 

volume 

ueight  of  structural  material 
initial  or  gross  weight 
wing  weight 

fixed  equipment  weight 
warhead  weight 
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SUMMAKf 


A  preliminary  study  of  ballistic  and  cruise  missiles  has  been  made  for  a 
strike  submarine  weapon  system.  It  provides  general  missile  characteristics 
Tdiich  car  be  used  in  arriving  at  the  overall  system  requirement 0  Parametric 
variations  of  weight,  volume  and  dimensional  data  are  presented  for  single- 
stage  liquid  and  solid -fueled  rockets,  single-stage  with  separating  nose 
cone  liquid  rockets,  two-stage  rockets  and  liquid  rocket-boosted  ramjets o  The 
investigation  covers  ranges  to  1500  nautical  miles,  warhead  weights  to  5000 
pounds o 

An  appendix  is  presented  which  outlines  the  method  by  which  the  important 
results  of  this  study  may  be  used  for  coot  analysis  and  missile  loading  studies. 
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‘.'lie  piv'pose  cf  the  study  is  to  parametrically  determine  the  effects  of  range 
and  .rrrhead  -.aiglt  on  missile  also,  weight  and  configuration®  Ballistic  and 
cruise  missiles  are  considered,  thus  requiring  analysis  of  rockets,  air- 
breathers  and  combinations  of  propulsion-  The  scope  of  the  investigation 
covers  ranges  to  1500  nautical  miles,  warhead  weights  to  5000  pounds*  The 
time  period  under  investigation  is  from  I960  to  1970o  Present-day  structural 
materials  are  used  for  the  early  part  of  the  time  period  and  1958-1960  struc¬ 
tural  material*  are  used  for  the  latter  part  of  the  time  perlodo 


DESIGN  CONSIDERATIONS 

It  is  convenient  to  separate  parametric  performance  discussions  into  two 
general  classes,  rocket  missiles  and  airbreathing  missiles,  which  are  character¬ 
ised  by  ballistic  and  cruise  trajectories  respectively® 

Ao  Ballietic  Missiles 

1°  Trajectories 

Ballistic  trajectories  are  characterised  by  zero  lift  and  for  all 
but  extremely  short  ranges  require  propulsion  »  stems  that  can 
operate  in  the  absence  of  air®  The  ballistic  trajectory  may  be 
divided  Into  three  portions j  power-on,  mid-course,  and  re-entry* 

During  the  power-on  phase  the  missile  accelerates  to  the  correct 
velocity  vector.  Previous  work.  References  1  and  2,  Indicates  that 
the  take-off  thrust-to- weight  ratio  should  be  about  1*5  and  this 
value  was  used  throughout  the  study*  This  is  a  compromise  between 
structural  considerations  for  which  T/V  *  1  gives  least  stress  because 
of  least  acceleration  forces,  and  between  trajectory  considerations 
for  which  T/V  *  3  gives  optimum  ranger  T/W  *  3  is  based  upon  the 
optimum  division  of  drag  and  gravity  forces.:  These  statements  are 
true  only  for  ranges  in  excess  of  perhaps  100  miles)  at  extremely 
short  ranges,  structural  considerations  are  minor  and  the  optimum 
T/W  is  3®  During  the  mid-course  phase  the  missile  is  coasting 
with  small  or  negligible  drag  forces.  The  re-entry  phase  is  char¬ 
acterized  oy  a  combination  of  high  missile  velocities  and  dense  air 
causing  severe  aerodynamic  heating  problems* 

Range  of  a  ballistic  rocket  is  a  function  of  propellant  fraction,  z^, 
specific  impulse  of  the  propellant  lap*  other  parameters  such  as 
drag  coefficient,  area-to-weight  ratio  and  thrust-to-aieight  ratio,  which 
can  be  held  constant  without  seriously  affecting  the  results®  Ref¬ 
erence  3  reported  results  of  range  versus 2^  for  Igp  *  235,a"ee./weight  «  ®0005o 
Using  these  data  as  a  base  curve,  ranges  for  other  values  of  propellant 
performance  were  calculated  and  are  shown  in  Figures  1  and  la.  Area/ 
weight  «  *0008  was  used  for  two  stages  of  propulsion  since  this  is  believed 
to  be  closer  to  the  optimum  value  for  a  two-ctago  vehicle®  (See  Figure  2) 
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2*  Propula  ion  and  Fuels 

For  the  liquid  rocket  power  plants  considered,  the  basic  configur¬ 
ation  consists  of  a  regene  rat  i^ly- cooled  rocket  motor,  turbopump 
feed  system,  gas  generator  for  turbine  drive,  valves,  plumbing, 
controls  and  gimbal  system*  Gimballing  is  provided  for  pitch  and 
yaw  control  during  powered  flight  and  tangential  turbine  exhausts 
provide  roll  control*  Power  plant  weight  as  a  function  of  thrust 
is  presented  in  Figure  3*  The  weights  are  based  on  existing  engine 
designs,  adjusted  for  the  time  period  under  consideration.  Refer¬ 
ences  U  end  5o 

Solid  rocket  engines  Mere  considered  primarily  for  the  shorter 
range  applications*  Here,  jet  vanes  ere  used  to  control  the  missile 
during  the  power-on  phase*  Optimum  chamber  pressures  are  found  to  be 
on  tbs  order  of  1000  pai  for  all  engines,  while  motor  weights  are 
primarily  a  function  of  the  type  of  propellant  used,  (references  6,7,  6  8)* 

There  are  many  propellant  combinations  available  for  both  liquid 
and  solid  rocket  engines*  The  selection  of  a  particular  combina¬ 
tion  will  depend  upon  performance,  coat,  handling  characteristics , 
availability,  and  many  other  similar  factors*  Performance  calcula¬ 
tions  wars  carried  out  for  several  liquid  and  solid  propellants. 

The  various  propellants  were  ohoeen  so  as  to  cover  the  anticipated 
range  of  performance,  ooat  and  handling  characteristics  in  the 
1960-1970  period*  Table  I  presents  suaaary  information  for  the 
propellants  considered* 

For  convenience  of  calculation  and  comparison  of  propulsion  systems 
an  impuloe-to-weight  ratio  was  assigned  each  angina,  depending 
upon  the  propellant  system  employed*  If  the  weight  of  the  propul¬ 
sion  system,  including  motor,  tankage,  fuel  and  accessories  is 
lumped  together,  and  all  non-propuls ive  elements  of  the  missile  such 
aa  structure,  guidance  and  warhead  are  termed  payload,  the  following 
relationships  may  be  derived  for  single-stage  rockets  and  plotted 
graphically  ae  a  function  of  range* 
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Payload  Weight  s  1 

-  1  ~ 

Figures  4,  5  and  6 

Gross  Weight  ** 

Iwr/^ep 

Payload  Weight 

Motor  Weight  (loaded) 

Iwr/lflp  _-j 

~2J 

Figure  7 

Payload  Weight 

1  -  -zJ 

.  , 

Figures  8  and  9 

Motor  Weight  (empty) 

(Isp/^wr  “  3.) 

1  -  vS 

Payload  Weight  „  IwrAap 

Empty  Weight  of  Missile  1  -  ^ 

Figures  10  aid  11 

Empty  Weight  ^ 

Total  Weight 

■  2^ 

Pigure  12 

Empty  Motor  Weight  = 

- 2^ 

Figures  13  and  14 

Gross  Weight 

IwrAep 

Loaded  Motor  Weight  _ 

Figure  15 

Grose  Weight 

V/i.p 

Payload  Weight 

*v  ^WAsp  _  i 

Figure  16 

Motor  Volume 

i«r  v 

This  method  of  comparison  is  quite  valid  if  the  propellant  tanks 
are  considered  to  be  an  integral  part  of  the  structure  (monocoque 
design).  Although  this  method  of  comparing  liquid  propellant 
rockets  is  somewhat  unusual  in  that  tanks  are  considered  a  part  of 
the  motor,  it  la  later  shown  that  the  method  is  valid  over  the 
ranges  of  interest* 
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3.  Aercdynaaics 

A  thorough  investigation  of  the  effects  of  nose  cons  configuration 
was  not  possible  at  this  time  because  of  the  magnitude  of  the  problem. 
The  missile  shape  which  houses  the  payload  should  minimize  the  effects 
of  drag,  aerodynamic  heating  and  structural  weight  and  yet  provide 
maximum  accuracy  and  low  vulnerability.  A  sharp  nose  cone  la  desirable 
in  that  it  tends  to  minimize  aerodynamic  drag,  but  it  increases  struc¬ 
tural  weights  Impact  Mach  number  is  high  and  dispersion  due  to  wind 
drift  is  low,  therefore  being  more  accurate  and  less  vulnerable  to 
countermeasures.  A  blunt  nose  cone  Is  good  from  the  structural  and 
packaging  standpoint  but  may  have  a  very  low  Impact  Mach  number.  The 
aerodynamic  heating  considerations  are  somewhat  more  involved.  This 
is  discussed  in  more  detail  in  the  next  section. 

For  purposes  of  performance  comparison,  a  15°  half-angle  cone  was 
chosen.  Impact  Mach  Nos.  are  fairly  high  and  structural  considera¬ 
tions  appear  reasonable.  An  area-to-weight  ratio  of  .0005  was  chosen 
for  single-stage  rockets  and  a  ratio  of  .0008  was  chosen  for  2-stage 
rockets. 

An  attitude  control  system  is  provided  to  Insure  a  small  angle  of  attack 
upon  re-entry  to  minimize  normal  loads.  Stability  1s  achieved  by 
having  fins  at  the  aft  end  of  the  missile.  For  the  single-stage  rocket 
with  separating  nose  cone,  stability  is  achieved  again  with  an  aft 
structure  consisting  of  fins  or  a  drag  skirt.  Ballasting  the  nose  may 
also  be  used  to  achieve  stability. 

a.  jfrr’Tnnl? 

Previous  studies  performed  for  long-range  ballistic  missiles  have  shown 
that  extreme  temperatures  may  be  expected  during  the  re-entry  portion  of 
the  trajectory.  The  magnitude  of  the  problem  of  maintaining  structural 
Integrity  until  Impact  increases  with  Increasing  range  since  the  re¬ 
entry  Mach  Mo.  also  increases,  as  shown  5n  Figure  17*  Fortunately,  the 
vehicle  is  subjected  to  these  very  high  rates  of  heat  transfer  for  only 
the  short  period  of  time  when  it  is  in  the  relatively  high-density  air. 
The  solution  to  this  problem  Is  of  Importance  from  a  missile  performance 
standpoint.  For  example,  at  1500  nautical  miles  range  every  pound  of 
non*  propulsive  payload  requires  as  much  as  20  pounds  increase  in  gross 
weight. 

There  are  two  basic  approaches  to  a  solution  of  the  re-entry  heating 
problem.  One  method  is  to  design  the  missile  with  a  high  enough  drag-to- 
welght  ratio  to  decelerate  it  at  high  altitudes  and  lower  the  velooity 
through  the  denser  portions  of  the  atmosphere  thus  reducing  the  amount 
of  heat  transfer.  The  second  approach  is  to  design  for  a  low-drag  shape, 
thus  Increasing  the  impact  Mach  Mo. ,  and  to  employ  a  more  advanced  type 
of  cooling  system. 
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The  first  mat  nod  utilises  wiiat  i  .  known  as  a  minimum  heating  trajec¬ 
tory.  To  do  this  the  nose  cone  is  made  quite  blunt  or  a  drag  skirt 
may  be  included*  Use  of  this  technique  results  in  very  loti.?  impact 
velocities  which  in  turn  make  the  missile  more  vulnerable  and  increases 
the  CEP  dus  to  such  factors  as  wind  drift*  Inefficient  but  reliable 
methods  of  nose  cone  protection  may  be  employed,  such  as  heavy  ceramic 
coatings  and  heat  sinks.  Figure  18  gives  impact  Mach  No.  as  a  function 
of  range  and  nose  cone  angle. 

The  second  method  is  characterised  by  low-drag  shapes  and  cooling 
methods  such  as  sweat  or  porous  cooling.  The  major  advantage  in  de¬ 
signing  for  the  high  heat  transfer  rates  involved  is  decreased 
vulnerability  due  to  the  higher  impact  Mach  No.  Although  much  analytical 
work  has  been  don<  on  these  more  advanced  cooling  methods,  few 
experimental  data  are  available.  The  techniques  will  require  extensive 
development  work  to  demonstrate  feasibility. 

5.  Equipment 

Warhead  and  fuse  weights  of  600  pounds,  1500  pounds,  3000  pounds  and 
5000  pounds  were  considered  as  parameters.  Dimensional  information 
was  not  available,  but  it  was  assumed  that  no  restrictions  were  placed 
upon  the  missile  sise  by  the  tiamead  diameter.  This  is  the  ease  for 
nuclear  warheads  of  the  sise  ooneldered  for  this  study. 

Guidance  weight  allowance*  as  shown  in  Figure  19,  are  based  largely 
upon  existing  and  developmental  designs. 

An  environmental  control  system  is  provided  to  condition  the  temperature 
of  the  payload  compartment  of  the  vehicle.  The  weights  assumed  in 
Figure  20  are  preliminary  estimates  only. 

An  attitude  control  system  is  provided  during  the  flight  time  between 
power-off  and  re-entry  to  Insure  a  small  angle  of  attack  upon  re -entry. 

A  weight  estimation.  Reference  3,  $«*•# 

An  auxiliary  power  supply  is  provided  to  supply  power  to  the  guidance 
and  other  control  equipment.  Propulsion  auxiliary  power  is  treated  as 
part  of  the  propulsion  system.  A  monopropellant-fueled  turbine-driven 
power  package  is  considered.  Estimated  weights  based  upon  existing 
auxiliary  power  units,  are  presented  in  Figure  22.  Bower  requirements 
during  the  power-on  phase  are  assumed  to  be  double  those  required  for 
the  remainder  of  the  flight. 

Estimated  control  system  weights,  consisting  of  electrical  system  and 
hydraulic  system,  are  presented  in  Figure  23  as  a  function  of  gross 
vehicle  weight.  The  data  are  based  upon  information  from  Reference  3, 
but  are  adjusted  for  the  1960-1970  time  periodo 
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6  c,  3tyu;turea 

Tne  configuration  of  the  single-stage  rocket  consists  of  a  cone- 
cylinder  combination  with  fixed  fins  at  the  aft  end*  Missile  volumes 
for  <1  30°  cene-cylindor  body  are  presented  in  Figure  24  as  a  function 
of  diameter.  Warhead  and  fixed  equipment  occupy  the  nose  cone  and  the 
forward  portion  of  tho  cylindrical  suction*  Monocoque-deeign  pro¬ 
pellant  tanks  occupy  the  midsection  of  the  missile,  and  the  propulsion 
motor  and  Its  accessories  are  located  at  the  aft  end  of  the  body*  The 
separating  nose  cone  configuration  contains  warhead  plus  fixed  equipment 
aa  before  plus  an  additional  aft  structure  (fins  or  skirt)  to  achieve 
stability*  The  two-stag®  missile  Is  generally  similar  to  the  single- 
stage  configuration* 

During  the  power-on  phass  a  2g  normal  load  factor  may  be  reed  for 
design  purposes*  3kin  temperatures  encountered  during  this  phase  are 
relatively  low,  300  to  40GPF,  thus  giving  no  special  problems*  The 
mid-course  phase  Is  characterised  by  low  body  loadings  and  skin  temperature 
no  higher  than  those  obtained  during  pewer-on*  Re-entry  presents  severe 
deceleration  loadings  and  extreme  temperatures*  It  is  for  these  reasons 
that  it  is  profitable  to  separate  the  nose  oone  of  a  single-stage  missile 
at  some  Intermediate  range  and  thereby  eliminate  the  necessity  for  de¬ 
signing  the  entire  missile  to  withstand  the  re-entry  conditions. 

The  equivalent  nose  cone  weight  per  unit  surface  area  used  in  performance 
calculations  is  ahown  in  Flgura  25.  The  weights  are  based  upon  pre¬ 
liminary  calculations  and  spot  checks  of  the  aerodynamic  heating  problem* 
The  aft  structure  weights,  including  fins,  are  presented  in  Figure  26* 

Data  asm  based  largely  upon  existing  ballistic  vehicle  designs  such  ss 
Redstone  and  Harass* 


lo  Snftctorttt 

Cruise  paths,  in  the  earth's  atmosphere,  require  airbreathing  engines 
such  as  ramjets*  A  good  approximation  of  the  optimum  mid-oourae  flight 
path  for  a  ramjet  is  a  Brsgust-type  trajectory  for  which  the  missile 
lift-to-drag  ratio  can  be  considered  constant,  and  for  which  the  ramjet 
missile  velocity  and  poworplant  operating  characteristics  arm  held  con¬ 
stant  throughout  the  flight*  Actually  there  is  a  alight  variation  in  I*p 
L/D  during  flight  since  flight  altitude  is  increasing,  but  an  average  value 
can  be  chosen.  The  ascent  and  descent  phases  of  the  trajectory  are  similar 
to  those  for  the  ballistic  rocket  missiles* 
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The  theguet  r*nge  equation  ia 
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This  relat  ions  hi*  applies  during  cruise  only.  Maximum  ran.je  in 
thus  obtained  when  th*  quantity  (V  I  I/D  is  maximised  for  a 
particular  aiaail *  with  a  certain  mass  ratio*  For  a  given  design 
velocity  and  design  thrust  coefficient,  the  impulse  is  maximised* 
The  Breguet  range  equation  is  plotted  in  convenient  graphical  form 
in  Figure  27* 


A  ramjet  must  be  boosted  to  supersonic  speed  before  the  ranjet  engine 
becomes  effective  This  ascent  consists  of  a  gravity-turn  rocket  boost, 
similar  to  the  s.n.3  e -stage  rocket  ase  ni,  followed  by  a  ballistic 
coast  to  cruise  altitude  and  design  eras'*  velocity*  This  would  be 
the  optimum  ascent  trajectory  for  a  long-range  ramjet  missile*  „  For 
ranges  under  a  few  hundred  miles  it  is  desirable  to  compromise  cruise 
performance  somewhat  and  incorporate  some  self- accelerating  or  self - 
climbing  features  into  the  ramjet  engine,  thus  reducing  the  n-v .  red 
booster  weight*  Major  emphasis  has  been  placed  upon  optimum  cruise 
vehicles  for  parametric  representation,  although  some  work  was  per¬ 
formed  on  self-accelerating  engines. 

Pjrmu^itjn  and  Fuels 

The  turbojet  pcrwsrplant  is  suitable  for  operation  at  supersonic  flight 
speed,  but  ramjet  performance  is  superior  at  Mach  Nos.  in  excess  of 
approximately  3*  E*e n  below  this  Mach  No* ,  the  ramjet  engine  is  lower 
in  weight  and  smaller  in  frontal  area  for  the  same  thrust.  Anticipating 
cost  and  vulnerability  considerations,  flight  speeds  in  exress  of  those 
reasonable  for  turbojets  will  be  required. 


Practical  ramjet  fuels  fall  into  two  classes:  the  hydrocarbons  and 
r.he  out*!  hydrides.  Hydrocarbons  such  as  kerosene  and  gasoline  aie 
presently  in  use  but  11.  is  widely  known  that  mstai  hydrides  such  as 
pantaborane  and  diborane  are  being  developed  for  use  in  ramjets. 
Theoretical  considerations  Indicate  that  missile  performance  may  be  In 
creased  as  mich  as  10%  with  high  energy  fuels.  Indications  are  that 
improved  combustion  kinetics  allow  considerable  decreases  in  mixing 
length  and  thereby  decrease  engine  length  and  weight.  The  higher 
energy  fuels  also  allow  a  considerable  decrease  In  the  weight  of  fuel 
carried*  Kerosene  was  used  in  all  ramjet  performance  calculations,  and 
performance  growth  with  time  was  based  upon  the  use  of  better  structural 
materials  and  techniques  in  ramjet  engine  design. 


Supersonic  diffuser  pressure  recoveries  for  mult  iple  -spike  diffusers 
war©  used  in  accordance  with  Figure  28.  Pressure  recoveries  of  9556 
were  used  for  the  aubsonic  portion  of  the  diffuser,  Valt  e  between 
those  for  3  and  shock  diffusers  were  used.  Combustion  efficiencies 
of  90%  were  assumed* 
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Figwe  29 ,  presents  graphically,  three  important  characteristics  of 
ramjet  engines! 

!1)  Peak  specific  impulse  occurs  at  fuel -air  mixtures 
different  than  stoichiometric » 

f2)  The  performance  of  any  fuel  (ioe„  specific  impulse) 
declines  with  increasing  speed  for  the  speed  range 
investigated. 

(3)  The  optimum  temperature  ratio  is  relatively  independent 
of  spaed,, 


The  first.  of  these  statements  merely  indicates  that,  for  current  designs 
of  practical  Interest,  operation  for  maximum  economy  should  be  with  a 
fuel  lean  mixture.  This  is  explained  on  the  bee is  of  the  mass -velocity 
expressions  for  momentum  and  kinetic  energy,.  It  is  always  advantageous 
to  move  a  large  mass  at  low  velocity  in  a  momentum  device  such  as  a 
ramjet.  However,  as  the  quantity  of  air  flow  increases,  the  pressure 
losses  rapidly  increase.  The  result  is  t.he  optimum  performance  at  a 
given  temperature  ratio  with  deterioration  on  either  side  of  this  ratio. 


As  flight  speeds  increase,  it  becomes  more  difficult  to  maintain  a 
desired  temperature  ratio  since  the  incoming  stagnation  temperature 
is  already  high.  For  increasing  Mach  No,  end  constant  temperature 
ratio,  the  Increased  pressure  losses  and  inlet  air  momentum  charge¬ 
able  to  the  engine  combine  to  reduce  the  net  moment!  <n  change*  The 
peak  performance  of  the  engine  at  various  Mach  Nos*  occurs  at  about 
the  eiae  value  of  temperature  ratio  because  of  two  compensating  effects. 
Increasing  pressure  losses  in  the  engine,  which  occur  at  high  Mach  Nos. 
tend  to  shift  the  peak  I^p  to  a  higher  temperature  ratio,  while  the 
higher  overall  cycle  pressure  ratio  with  increasing  Mach  No*  tends  to 
shift  the  peak  to  lotmr  values  of  temperature  ratio,  where  a  more 
favorable  energy-momentum  conversion  occurs. 


For  ramjet  engines,  thrust  coefficient  considerations  determine  the 
operating  temperature  ratio.  For  extern® 1  ramjets,  thrust  coefficients 
are  higher  than  for  ducted  bodies.  This  is  so  because  s  low  drag  Is 
desirable  for  external  engine  mounting  and  the  optimum  ramjet-missile 
combination  results  in  a  higher  thrust  per  unit  area  than  for  ducted 
bodies .  In  the  ducted  body  design  the  missile  diameter  is  larger  than 
for  the  otter  case  and  the  engine  thrust  coefficient  requirements  are 
lower.  This  determines  engine  operating  regimes  as  shown  in  Figure  29. 
For  purposes  of  performance  comparison,  only  externally-mounted  ramjet 
engines  are  considered  sines  a  parametric  analysis  of  ducted-body  ramjet,? 
appeals  to  be  too  time -consuming  a  project. 

Two  typical  performance  envelope  curvee  for  ramjets  are  presented  in 
Figaros  30  and  31-  Figure  32,  a  plot  of  engine  weights  as  a  function  uf 
diameter  and  flight  spaed,  is  based  largely  upon  existing  engine  data  and 
estimates  of  future  improvement y  References  4,  9  and  10. 

S  F.  C  R  I:  T 
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‘..trie  parana  t-sru  which  describe  ine  ramjet  configuration  are 
j-no.^n  in  Figure  33  as  functions  of  flight  speed o  Constan  •  wlrg  load 
trrs  of  100  pof  asr-j  as  sir  ws  cl  and  wing  loads  life  re  based  upon  n  design 
loar;  factor  of  2  0  d  the  start  of  cruise t.  The  wing  itself  is  &  4 % 
thickness  ratio  biconvex  section  of  tapered  plan fora  with  a  rsked  t:.  j, 
similar  to  that  used  in  Triton  design  stulies.,  For  engine  coa.p&riariii 
at  the  various,  flight  speeds,  a  lift-uc  drag  ratio,  L/D,  of  the  miss  Lie? 
vis  Mesunibc  constant,  at  a  vjilue  of  U-AX  L/D  »  UoO  is  based  or  design 
studies  for  Triton,  References  lii. ,  12,  13 *  and  14  and  N&vaho,,  Reference- 


The  performance  parimtar  (V  IeD  L/D)  is  now  defined  as  a  fund  ion  of 
flight.  speed  in  the  isothermal  lawyer  of  the  atmosphere.  Figure  34. 
neiise,  from  the  Sregvet  e<juaticn,  may  now  be  obtained  by  determination 
cf  structural  weights* 

.  Aerodynamic  Heat  ing 

Sk:Ln  temperatures  are  perhaps  the  major  controlling  factor  iri  ramjet 
missile  design  since  they  detenalne  the  choice  of  materials  used  and 
tho  working  stresses,  both  of  which  directly  affect  cost  and  »eightc 

Boundary  layer  temperatures  of  400°F,  600°F,  800°F  and  liOOPF  are 
encountered  at  flight  speeds  of  Mach  Ho  2„5,  3o0,  3^5  and  4*0 
renpsctively,  at  cruise  altitude^  It  was  assumed  that  about  SO%  of 
the  vehicle  structure  would  be  affect* >d  by  this  temperature  which 
resulted  in  design  strength*  to-*  weight  ratios  of  380,000,  300, COO, 
250,000  and  150,000  inches  at  Mach  2C>,  3.-.0,  3°5  and  4.0*  Considera¬ 
tion  was  given  to  fuel  tank  insulation  and  ccoaponent  condition ingo 

5  Structures  and  Squlnnant 

An  analytical  approach  to  the  deteradnation  of  ramjet  missile  weigat 
breakdowns  was  uaed^  Tne  major  missile  components  considered  wore 
engine  weight,  fuel  weight,  warhead  weight,  guidance  weight,  fixed, 
equipment  weight,  structural  weight,  wing  weight  and  tail  weight.-  T.i 
gross  weight  and  warhead  weight  are  ansumed,  the  fuel  wslght  can  be 
determined  if  all  the  other  weight  s  are  known  as  r  function  of  the 
gross  weight*  Existing  design®  such  as  Triton,  Bomarc  and  N&vaho  were 
UBt.'d  to  determine  e'apirical  coefficients* 

Engine  weight  may  br  detannined  from  data  previously  present  ed  under 
tho  propulsion  and  fualn  section 
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Guidjince  we limits  are  assumed  to  be  400  pounds.  Independent  of  range 
and  ^ross  might  of  the  missile. 

Fixed  equipment  wight  (exclusive  of  guidance)  ia  assumed  to  bo  a 
fiwd  percentage  of  missile  empty  weight,  (gross  weight  less  fuel 
and  -rarhead)  since  it  is  unlikely  to  be  a  function  of  payload  or 
rargtto  The  form  of  the  equation  is  shown  below  for  the  fixed  equip¬ 
ment  weight j 


»f.  *  Kf.  <W-*U-  »f)  +**  sf.  *  0.15 

based  upon  existing  missile  designs. 

Wing  weights  are  found  to  be  a  function  of  wing  load,  span,  thickness 
ratio  and  strength-to-we lght  ratio  of  the  structural  material.  Wing 
carry- through  structure  ia  Included  in  wing  weight  as  a  constant 
percentage  for  conren lance  of  oostputationc  Although  this  la  not 
strictly  true,  the  error  incurred  ia  of  minor  consequence e 
Thus,  the  wing  weight,  W*  la 

j.(±Y 

tr  (3/w) 

For  a  wing  loading  of  400  lbs /ft  a  loading  factor  of  2.0  and  a  wing 

thickness  ratio  of  4$,  the  above  equation  reduces  to  the  followings 

where  u/  ■  f  10.62  Tf  1  W 

L  J 

and  was  determined  to  be  ?.0  from  existing  designs c 

Tail  weight  :La  determined  in  the  sans  mannero  Therefore  tail  weight 
is  directly  dependent  upon  wing  weight  and  can  be  expressed  as  a 
percentage  of  wing  weight  as  shown  below 

Wt  *>  Kt  ^  where  was  found  to  be  0.30o 


SECRET 


SECRET 


Body  structural  weights  can  be  expressed  as  functions  of  normal 
load  factor,  missile  length-  to-d lame ter  ratio,  missile  gross 
weight,  mias.ule  diamstsr  and  strength-to-ve ight  ratio  of  the 
structural  materials  The  basic  relationship  follows  for  body 
structure  weight ,  W^  ,, 

Wa  3  Ka/w  whers  ft'  '  n  d  and 

(■AO 

Kg  mm  found  to  bo  equal  to  2.0  based  on  existing  designs,.  For 
cruise  missiles  the  normal  load  factor  is  2.0  since  there  are  few 
maneuvering  requirements,, 

Using  the  geometric  factors  previously  presented,  a  summary  of 
coefficients  and  pertinent  parameters  can  be  tabulated  ea  in 
Table  II  for  use  in  p&raawtric  performance  studies. 

Warhead  weights  of  600,  1000,  1500,  3000,  and  5000  pounds  have 
been  considered.  It  has  bean  assumed,  as  for  the  ballistic 
vehicles,  that  the  warhead  dimensions  do  not  in  general  determine 
missile  diameter. 

The  booster  calculations  are  based  upon  a  liquid  propellaJt  rocket 
booster  with  an  initial  T/W  equal  to  1.5*  lbs  ramjet  vehicle  must 
be  overboosted  somewhat  since  erulee  altitude  is  not  reached  at 
booster  burnout  In  moat  cases.  Ho  parametric  variation  of  boosters 
was  attempted.  A  single  booster  type  was  considered  for  all  the 
various  ramjet  vehicles.  Relative  ramjet  vehicle  performance  can 
thus  be  obtained  and  later  adjusted  for  different  performance  . 
boosters.  The  booster  Igp  considered  was  230  seconds  end  the  I^flgp 
was  0.75.  Booster  fins  and  controls  were  charged  to  the  propulsion 
system  weights.  The  total  weight  coefficient  is  listed  in  Table  H 
and  presented  graphically  in  Figure  35. 
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MlSSIUi  PEHJOIMMKE 

A 0  Ballistic  Missiles 

Tiie  fo:^  of  pres  art nt  lor*  for  bal.listi'i  ala  silo  perfoxTaance  Information 
that  wu3  felt  to  be  most  useful  is  shorn  in  the  sketch  belawx 


Ihls  is  a  plot  of  gross  missile  weight  ss  s  function  of  range  ard 
warhead  weight  carried.  Single-stage,  single-stage  with  separating  nose 
cone,  and  two-stags  missiles  are  ahcwn<>  After  s  certain  range,  the  weight 
of  single-stage  adsallss  rises  sharply  and  it  becomes  profitable  to 
separate  the  nose  sons  from  tbs  propulsive  portion  of  the  missile.  This 
occurs  mainly  because  of  the  re-entry  heating  problem.  As  re-entry  heating 
becomes  more  severe  the  empty  missile  weight  increases  rapidly  if  the 
entire  vehicle  is  designed  for  the  covers  re-entry  heating  and  stresses 
due  to  deceleration,  lbs  single-stage  missile  with  separating  nose  oone 
allows  t.l»  propulsive  portion  of  tbs  missile  to  be  designed  for  the  lose 
severe  loads  and  temperatures  encountered  during  ascent.  Only  the  nos# 
oone,  which  houses  the  warhead  and  the  guidance  equipment  is  stressed  for 
re-entry.  As  the  warhead  alas  Increases  the  cross-over  range  from  1-stage 
to  1-stage  with  separating  nose  oone  decreases.  This  is  mainly  due  to  the 
fast  that  minimum  metal  gauge#  are  encountered  in  the  tank  section  of  the 
separating  nose  oone  design  for  all  diameters  of  interest.  This  allows 
s  greater  percentage  of  tank  weight  to  bo  eliminated  from  larger  missiles 
than  smaller  missiles  when  the  design  changes  from  single-stage  to  single-stage 
separating  nose  cone.  The  2-atage  design  is  more  efficient,  as  range  increases, 
because  the  propulsion  s^rstwm  be  courts  such  a  large  portion  of  the  total  weight 
and,  with  2-stages  of  propulsion,  a  certain  amount  of  fixed  weight  is 
Jettisoned  after  first  stage  burnout.  In  this  way  the  average  propulsion 
system  metal  ports  weight  carried  during  power-on  is  lower0  A  separating  nose 
cone  is  used  for  two-stage  design  because  of  the  severe  re-entry  hasting 
problem. 
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Performance  valuas  a;*<  coinputed  t>y  esaoriing  a  rarge,  missile  gi*ca» 
wolfjri,  and  propulsior.  system,,  Payload  Is  then  determined  from  the 
data  presented  in  thu  fuels  end  propulsion  neeiicns,  Payload  is 
then  broken  down  into  the  individual  cosuponanta  such  as  structure 
and  fixed  eqriipment *  The  remainder  of  the  payload  Is  then  considered 
to  be  warhead. 

1.  31nale~8taae 


asSLj^&aEdaflgaL 

Figures  36,  37,  and  38  present  gross  weight  as  a 
function  of  range  and  warhead  weight  for  three  differ¬ 
ent  performance  solid  propellant  rocket  missiles. 

Figures  39,  4 0  and  i«l  present  missile  gross  volume  as 
a  function  of  range  and  warhead  weight.  Ho  separating 
noee  oono  data  ware  calculated  since  liquid  propellants 
are  much  more  efficient  at  ranges  where  this  might  be 
considered. 

b°  iflsg&JasaaaBfct 

Figures  42,  43,  44  and  45  present  missile  gross  weights 
and  Figures  46,  47,  48  and  49  present  gross  volumes  as 
functions  of  range  and  warhead  weighto  Both  aingleHStagu 
and  slngLa-atage  with  separating  nose  cone  data  are 
presented.  The  locus  of  crossover  points  from  non- 
separating  to  separating  noee  cones  Is  drawn  in  for  each 
figure,  in  interesting  checkpoint,  the  Bedstone  missile, 
ie  presented  In  Figure  42.  These  data  give  a  dearer 
understanding  of  why  a  150  mile  range  missile  may  be  more 
efficient  with  a  separating  nose  oone. 


2.  Twp-3Ues 


Figure  50  presents  2-stage  gross  weight  as  a  function  of  range 
and  warhoai  weight.  The  data  are  based  upon  Information  from 
Reference  2  and  should  be  regarded  as  being  valid  for  comparison 
within  itself  only0  It  is  not  believed  that  the  data  axe  valid 
for  comparison  with  the  ■ ingle -stage  data  because  different 
basic  assumptions  were  used  In  the  analysis. 
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It  was  desired  to  present  parametric  performance  information  for 
cm±.»e  missiles  in  graphical  form  similar  to  that  of  the  ballistic 
mlseiles.  This  has  been  done  on  a  gross  weight  basis  but  is  im> 
practical  on  a  gross  relume  because  of  ramjet -booster  geometry* 
Although  volume  information  la  not  in  graphical  form,  a  simple 
method  of  computing  length*  diameter  and  wingspan  is  presented o 

The  form  of  the  ramjet  missile  weight  equation  as  discussed  in 
the  design  consideration  section  1st 

*-».<■  t*t  t  W,  f  W f 

Substitution  of  the  derived  relationships  and  empirically  determined 
coefficients  results  in  a  relationship  for  fuel  plus  warhead  weight 
in  tense  of  missile  gross  weighto  For  a  particular  Koch  No** 


wi-  y  = 


*-■ 

~  Cg  (dia<>) 


W#,  C  »  a  constant 


By  assuming  a  ramjet  missile  gross  weight  and  warhead  weight*  the 
range  can  then  be  calculated. 

Figures  51,  52,  59  end  54  present  takeoff  weight  as  a  function  of 
range  and  warhead  weight  for  rocket-boosted  ramjet  missiles  at 
various  Kaoh  makers  in  the  early  part  of  the  1960-1970  period 0 
The  higher  speeds  are  undesirable  due  to  aerodynamic  heating  and 
structural  limitations  of  present-day  mate rials o  The  effect  of 
Improvement  in  ramjet  engine  structural  materials  end  techniques 
has  been  accounted  for  in  Figures  55  and  56  at  the  higher  Nadi  Ros0 
Lade  of  high-energy  fuel  data  precluded  a  growth  investigation  from 
that  standpoint,  but  indications  are  that  up  to  40&  range  increases 
are  possible  for  the  sgns  gross  weight,,  This  performance  increase 
la  due  to  lower  fuel  requirements,  lower  engine  weights  aid 
probably  smaller  engine  volvnesc 
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Takeoff  weight  data  are  baaed  on  a  medium-performance  liquid 
propellant  booster*  If  a  solid  propsliant  booster  ia  employed  the 
takeoff  weights  will  rise  considerably,  not  only  because  of  higher 
booster  weights  but  because  of  probable  changes  In  ramjet  missile 
design  points  and  design  factors 0 

To  obtain  dimensional  information  for  a  ramjet  missile  of  &  certain 
grorm  takeoff  weight,  first  determine  the  breakdown  between  the 
booster  and  the  missile.  The  missile  weight  is  equal  to  takeoff 
weight  divided  by  the  total  weight  coefficient,  «*,  from  Table  II. 
Missile  overall  density  can  be  approximated  as  Or 022  lba/ln?,  so 
a  gross  volume  is  known.  Using  the  appropriate  l/d  shown  In 
Table  II,  and  Figure  24,  the  diameter  may  be  determined  by 
dividing  the  booster  weight  by  an  average  density  of  0.040  lbs/liK. 
Figure  24  will  then  define  diameter  for  any  particular  l/d.  Wing¬ 
span  in  feet  may  be  obtained  by  the  following  equation. 


r  * 

b  s  W  A-  Where  /£  i»  defined  in  Table  II  and  W 

200  it.  missile  weight  (less  booster) 


A  typical  configuration  is  whom  below. 
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For  short  ranges  » vnier  abenr.  200  nautical  miles  >  the  group  telco  off 
voi  $ht  of  the  cruise  missile  may  reduced  by  inco.-po  rating  some 
soi.  *•  -accelerating  feat  ures  in  the  cruiso  propulsion  systeirv  Althou,2h 
the  crui.ee  engine  ;:a y  not  be  operating  at  aaximura  efficiency  during 
crulso,  the  c coate  r  ’height  requirements  may  bs  drastically  reduced 
in  ’ills  mtiner,.  For  short  retires  the  savings  in  booster  weight, 
more  than  offsets  tha  weight  increase  due  to  non  -optimum  cruise 
0c.moiryo 

The  preceding  ramjet  information  was  based  upon  boost  to  design 
speed  and  altitude  9  Other  methods  of  boost  may  include  boost  to 
design  speed  and  climb  to  altitude  ,  or  boost  to  critical  speed  of 
cruise  engine  operation  and  then  self  -ac  cele  rat  ion  # 

Air  turborockets  and  ducted  rockets  we:'®  briefly  investigated  ,> 

Although  the  etata  of  the  art  of  these  engines  is  not  as  developed 
as  that  for  ramjets,  free  flight  testing  is  underway  and  it  is 
believed  that  these  engines  may  become  available  in  the  late  1960-1-70 
periods 

The  air  turborrocket  is  a  combination  turbojet  and  rocket „  It 
consists  of  an  inlet  diffuser,  an  air  compressor,  a  gas  generator 
and  turbine,  a  fuel  air  combustion  chamber  and  an  exit  noisle^ 
References  18,  .19,  20,  and  21„ /  The  primary  energy  source  for  the 
engine  ie  the  gas  ganerator,  in  which  tUels  are  used  whose  products 
of  decomposition  arc  capable  of  burning  further  when  mixed  with  air0 
The  chief  merits  of  the  engine  are  that  it  combines  the  advantageous 
fuel -consumption  characteristics  of  air  breathing  engines  with  the 
high  thrust  and  self  acceleration  characteristics  of  a  rocket# 

Although  tha  turbojet  is  also  capable  cf  self -acceleration  from  zero 
velocity  the  turbo-rccket  is  lover  in  weight  and  smaller  in  croes- 
sectional  area  for  the  same  thiuat,  even  when  the  turbojet  possesses 
an  afterburner# 

A  ram  rocket  is  a  ramjet  engine  with  one  or  more  monopr opellant 
rockets  located  at  the  exit  of  the  engine  diffuser  which  exhaust 
rocket  fuel  decomposition  products  which  are  capable  of  further 
burning,  References  16  and  17# 
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Ih  -.vas  »3«vabl:.Hhed  U.at  neither  o t  these  engines  performs  as  well 
as  the  ranjet  when  designed  for  cruise  conditions,  thus  eliminating 
then  for  use  with  the  long-ran^e  missiles.  Major  emphasis  was  placed 
on  the  determination  of  the  efficiency  of  the  various  methods  of 
accelerating  the  missile  to  design  speed  at  cruise  altitude,  but  no 
quantitative  data  were  obtained  because  of  the  complexity  of  the 
trial-and-trror  trajectory  computations.  It  was  determined  that 
boost  to  speed  and  then  self- climb  to  altitude  offered  no  particular 
advantages.  Also  the  optimum  self-acceleration  path  for  these 
engines  was  found  to  be  as  follows;  rocket  boost  to  about  Mach  1.6, 
climb  at  constant  speed  to  about  30, OCX)  feet,  accelerate  horizon¬ 
tally  at  30,000  feet,  and  then  climb  at  constant  speed  to  cruise 
altitude.  Further  acceleration  at  ortd.se  altitude  may  or  may  nob 
be  required  depending  upon  design  speed.  The  optimum  cruise 
altitude  was  also  found  to  be  a  function  of  range.  For  a  range  of 
a  few  hundred  miles,  cruise  altitudes  under  60,000  feet  appeared 
to  be  better  from  a  gross  weight  standpoint.  No  further  investi¬ 
gations  were  done  since  It  was  felt  that  this  would  be  too  much 
detail  at  this  time. 

DISCUSS IPS 

Comparisons  of  different  rocket  propulsion  systems  are  expected  to 
be  quite  valid  except  for  2-stage  rockets.  However,  comparisons 
between  ballistic  and  cruise  vehicles  are  more  difficult  to  justify 
because  of  the  difficulties  in  formulating  the  basic  performance 
parameters. 

A.  BALLISTIC 

A  performance  comparison  of  single- stage  rockets  and  single-stage 
rockets  with  separating  nose  cones  indicates  that  for  a  600  pound 
warhead  the  crossover  point  from  single-stage  to  nose  cone  separation 
in  about  500  nautical  miles.  For  a  1500  pound  warhead,  the  crossover 
point  is  about  425  nautical  miles,  and  for  a  3000  pound  warhead  the 
crossover  point  is  about  350  nautical  miles.  These  crossover  ranges 
are  relatively  Independent  of  minor  variations  in  propellant  per¬ 
formance,  which  seems  reasonable  since  crossover  ranges  are  dictated 
by  vehicle  else  as  determined  by  warhead  weight  and  magnitude  of 
the  re-vntry  problem. 

The  crossover  point  from  one  to  two  stages  of  propulsion  occurs  between 
700  and  1000  nautical  miles,  but  these  points  are  not  too  dearly 
defined.  In  any  event,  out  to  ranges  of  perhaps  1000  nautical  miles, 
the  gross  weight  of  the  single-stage  with  separating  nose  cone  is 
not  a  great  deal  more  than  the  weight  of  tho  two-stags  missile  with 
the  same  warhead  and  range.  From  a  p  ‘uctical  point  of  view,  two- 
stage  operation  has  not  yet.  baea  satisfactorily  developed  and  may 
present  an  ext  ready  difficult  development  problem  as  far  as  starting 
of  the  second  engine  at  altitude  is  concerned.  It  is  therefore 
suggested  that  single-stage  rockets  with  separating  nose  cones  be 
considered  to  ranges  of  1000  nautical  miles. 
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Cruise  mipnile  information  i»  not  as  thorough  s a  that  for  the  ballistic 
missile  a  and  is  not  suistaatiated  by  any  preliminary  designs  of  missiles 
except  for  Triton  and  Nsvaho,  the  longer -range  large-warhead  mis t tiles 6 
For  this  reason  it  is  not  valid  to  compare  specific  ramjet  missile 
Heights  with  rocket  missile  weights.  It  is  valid,  however,  to  establish 
trends,  e.g.  gross  weights  of  long-range  ramjets  carrying  small  warheads 
are  less  than  these  of  comparable  ballistic  miasileso 

Only  externally  mounted  ramjets  were  considered  rather  than  including 
ducted  bodies  in  the  missile  configurations  studied.  Hoesver,  the 
ducted  body,  esoacially  the  wingless  version,  is  very  desirable  nhau 
consideration  is  given  to  the  missile  carrier  and  launcher,  a  submarine 0 
For  a  first  appreorimatjon,,  the  takeoff  weight  of  ths  duoted  body  with 
wings  can  be  considered  the  same  as  for  the  external  ramjet., 

For  ran, 50s  under  a  ooupla  of  hundred  miles,  ramjet  vehicle  performance 
can  be  unproved  by  incorporation  of  self -acceleration  leading  to  reduced 
booster  requirements.  Other  engines  such  as  the  sir  turborocket  and 
ducted  rocket  nay  sleo  be  considered,  but  only  for  the  short  ranges. 

The  sho)*t-rangs  cruise  vehicles  oust  be  studied  in  more  detail  for 
complete  performance  Information. 

Complete  performance  growth  information  is  not  presented  because  of 
the  lack  of  special  fuels  information  but  range  increases  of  possibly 
40£  are  not  unreasonable  with  the  sane  gross  weight  missile. 

Ths  cruise  missile  is  a  two-stage  vehicle,  a  separate  rocket  booster  stags 
being  considered  In  this  study.  The  problems  of  geometry  and  arrangement 
of  booster  and  missile  are  not  simple  since  the  booster  is  about  the 
sens  sise  as  the  missile.  To  keep  the  l/d  to  reasonable  values  a  parallel 
t rrangemont  of  some  sort  'is  indicated. 

Gross  weights  of  cruise  vehicles  with  ths  v*?ry  small  warheads  change 
very  little  for  ranges  to  about  1000  nautical  miles.  The  uss  of  small- 
diameter  high— yield  nuclear  warheads  makes  this  possible  -• 
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A.  Ballistic 

The  re-entry  phase  pi^evan:^  the  most  difficult  structural  design  problem , 
Additional  investigation  is  required  for  the  nose  cone  to  insure  struc¬ 
tural  integrity  and  keep  internal  components  below  their  critical  temp¬ 
erature  o 

Che  stage  of  propulsion  is  better  than  two  stages  of  propulsion  for 
ranges  to  600  nautical  miles  at  least  and  probably  to  1000  nautical 
miles » 


Bo  Cruioe 

Ssall  ramjet-powered  cruise  vehicles  carrying  small-diameter,  low-weight 
and  high-yield  nuclear  warheads  appear  to  be  very  affective  to  ranges  of 
1000  nautical  miles  „  Thin  is  made  possible  by  two  advances  in  tbs  state 
of  the  art*  The  first  refers  to  tbs  newer  nuolear  warheads  and  the  second 
refers  to  advances  in  ramjet  propulsion  technology  to  the  point  where 
high  performance  may  be  realised.  3bis,  coupled  with  small  missiles, 
allows  considerable  range  Increases  for  relatively  email  increases  In 
total  weight  of  frml  carried. 
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This  appendix;  is  intended  to  be  &  convenient  summary  of  pertinent 
Information  for  use  in  costing  and  missile  loading  studies.  The  choice 
of  propelJant  combi nations  is  bassd  upon  performance  only.  No  ccnaidera- 
tlcn  has  teen  given  to  handling,  cost,  availability,  etc. 

1.  Liquid  Propellant  Ballistic  Missiles  (Single-Stage  and  Single- 
Stage  with  Separating  Hose  Cone) 


For  any  particular  combination  of  range  and  warhead  weight 
carried,,  the  significant  liquid  propellant  ballistic  missile 
characteristics  nmv  be  determined  as  follows a 


For  the  middle  of  the  1960-1970  period  use  Figures  45  and  k9 
to  determine  gross  weight  and  volume.  Assume  an  1/d  in  the  10 
to  16  range,  and  missile  length  and  diameter  are  determined  from 
Figure  ?4.  Propellant  weight  nay  be  determined  from  Figure  1, 
using  I.p  v  282  for  the  1965  time  period.  Rocket  motor  weight 
my  be  determined  from  Figure  3,  considering  thrust  to  be  equal 
to  1  3/2  times  the  gross  weight.  Fixed  equipment  weight  consists 
of  guidance,  environmental  controls,  attitude  controls,  auxiliary 
power  and  control  systems,  shown  in  Figures  19,  20,  21,  22  and  23. 
Structural  weight  plus  tankage  is  then  equal  to  gross  weight  less 
warhead  less  fixed  equipment  leas  propellant  less  rocket  engine 
weight . 


For  ranges  in  excess  of  600  nautical  miles,  gross  weight  may 
be  determined  from  Figure  50  as  a  first  approximation.  Gross 
volume  may  be  estimated  as  gross  weight  divided  by  0.035  lb/in^o 
Propellant  weight  may  be  determined  from  Figure  la  and  the  re¬ 
mainder  of  the  information  may  be  obtained  in  a  manner  similar 
to  that  for  the  ranges  under  600  nautical  miles. 

2.  Solid  Propellant  Ballistic  Mlaqllea  (Single-Stage) 


For  any  particular  combination  of  range  and  warhead  weight 
carried,  the  significant  solid  propellant  ballistic  missile 
characteristics  may  be  determined  as  follows 8 


F  'or  the  middle  of  the  1960-1970  period  use  Figures  36  and  39 
to  determine  gross  weight  and  volume.  Using  an  1/d  of  12  in 
figure  24,  determine  missile  length  and  diameter.  Payload, 
consisting  of  warhead  plus  fixed  equipment  plus  non- propulsive 
structure  may  new  be  determined  from  Figure  4®  using  Code  2  for 
the  1965  time  period 
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2.  Solid  Propellant  Ballistic  Missiles  (Single-Stage) 

Gross  weight  less  payload  weight  yields  the  loaded  weight  of 
the  propulsion  system.  Propellant  weight  nay  be  determined  from 
Figure  1,  using  Iap  -  235  for  the  1965  tine  period.  Coating  of 
solid  propellant  engines  is  done  on  a  total  impulse  basis.  Total 
impulse  is  equal  to  the  propellant  weight  times  ths  specific 
impulse.  Fixed  equipsMat  weight  consists  of  guidance,,  environ' 
mental  controls,  attitude  controls,  auxiliary  power  and  control 
systssis,  shown  in  Figures  19,  20,  21,  22,  and  23*  Structural 
weight  is  then  equal  to  payload  less  warhead  lest  fixed  equip- 
aant. 

3-»  flPllML 

For  any  particular  combination  of  rai^e  and  warhead  weight 
carried,  the  significant  cruise  missile  characteristics  may  be 
determined  as  follows  s 

Takeoff  weights  may  be  determined  from  any  one  of  Figures  51 
through  56,  depending  upon  ths  desired  cruise  Mach  Ho.  and  time 
period,  fismjot  missile  weight  is  equal  to  takeoff  weight  divided 
by  the  total  weight  coefficient  from  Table  II.  Missile  weight 
divided  by  an  average  missile  density  of  0.022  lb/in3  gives  volume. 
Figure  24  can  then  be  used  to  determine  length  and  diameter,  using 
the  appropriate  fineness  ratio  tabulated  in  Table  II.  Booster 
volume  is  equal  to  booster  weight  (takeoff  lees  missile  weight) 
divided  by  0.04  lb/in3„  Figure  24  again  defines  dimensions  for 
an  1/d. 


Wingspan,  b  - 


Aspect  ratio  is  tabulated  In  Table  II.  Fuel  weight  is  equal  to 
initial  missile  weight  loss  final  missile  weight.  These  weights 
are  determined  from  Figure  27,  using  data  from  Table  II.  Guidance 
weight  was  assumed  to  bo  constant  at  400  pounds.  Engine  weights 
say  be  determined  from  Figure  32  and  fixed  equipment  weight  may 
be  taken  as  15%  of  missile  empty  weight  (gross  weight  less  fuel, 
less  warhead).  Structural  weight  is  then  missile  weight  lees 
fuel,  lees  warhead,  less  guidance,  less  engine,  lass  fixed  equip¬ 
ment.  If  detailed  structural  weight  breakdowns  such  as  wing  weight, 
tail  weight,  body  structural  weight,  etc.,  are  desired,  ths  relation¬ 
ships  developed  in  the  text  may  be  used. 
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RAMJET  PERFORMANCE  PARAMETERS 
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PART  C 


Target  Analysis  Data 


The  Office  at  Baval  Intelligence  has  supplied  target  analysis  data  for  eleven 
target  c lasses  within  the  Coaaamist  bloc  countries*'*  The  information  pro¬ 
vided  is  an  estimate  of  the  number  of  targets*  separately  for  each  target  class* 
for  the  0-7$,  75-200,  200-500  and  500-1000  mils  coastal  belt  depth  ranges  and  I 

for  the  USSR,  Satellites  and  China*  In  addition,  target  vulnerability  number 
ranges  are  supplied  for  n*n*>  of  the  targets,  and  target  value  for  seven  ("value" 
in  terns  of  percentage  of  the  total  Coamunist  bloc  capacity  in  that  belt  range  i 

and  Cosnonist  are a)?  Data  for  an  additional  target  class  (cities  of  population 
of  100,000  or  more)  were  obtained  from  Klee  trie  Boat  and  other  sources*  This 
target  data,  plus  the  procedures  of  Volume  II,  Part  D,  were  used  to  supply  the 
information  for  Volume  I,  Chapter  7o 

lo  TARGET  EBSCKLPII0H  DATA  1 

lo  Distribution  of  Communist  Bloc  Capacity  j 

Figure  C-l  sucaarlsos  the  O.R.I*  Communist  bloc  capacity  data  for  seven 
of  the  eleven  target  classes*  In  addition,  an  estimate  of  land  area 
distribution  is  included  for  comparison*  It  may  be  seen  that  there  ere 
apparently  three  general  types  of  target  daemon  Those  which  are  con¬ 
centrated  near  the  coastline,  those  which  seem  to  he  distributed  in  mere 
or  less  the  asms  manner  as  land  area,  and  those  which  are  concentrated 
in  the  inner  parte  of  the  Eurasian  continent*  It  nay  aleo  be  seen  that 
the  Satellites  and  Cities,  together,  supply  an  appreciable  portion  of  the 
total  Communist  bloc  capacity,  primarily  in  the  200  to  900  mile  ooastal 
belt  range*  There  is  little  non-Russian  Communist  bloc  capacity  further 
inland  than  the  500  nlle  coastal  bait  line*  j 

| 

2,  Distribution  of  Muafrtra  of  Target*  I 

The  0*1.1,  data  did  not  extend  beyond  the  1000  alia  coastal  bolt,  no 
extrapolation  was  necessary  to  extend  the  information  to  oonplete  Comma 
ttLst  bloc  coverage*  This  was  dona  by  assuming  that  the  number  of  target* 
in  the  3000  to  1600  mile  ooastal  belt  range  (oomplste  coverage)  was  sitter 
proportional  to  the  peroent  of  remaining  capacity  for  that  target  class  or 
for  a  similarly  distributed  target  class*  Figure  C-2  shows  the  numerical 
distribution  of  targets  within  the  several  bait  ranges,  bloc  areas  and 
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target  classes.,  The  three  general  target  distribution  types  noted 
earlier  (outer,  middle  am  inner  groups  of  targets)  were  found  in 
the  numerical,  as  veil  as  the  capacity  data..  Because  of  the  numbers 
involved,  the  middle  group  of  targets  (distributed  roughly  parallel 
to  area)  was  suo-divi&jd  by  separation  of  a  quantity  group  of 
targets  (airfields „  power  production)  whose  total  number  is  approxi¬ 
mately  the  same  as  the  remainder  of  targets ,  Comparison  of  Figures 
C-l  and  C-2  shows  that  cumulative  numbers  and  capacities  of  target 
classes  are  reasonably  parallel □  For  that  reason,  the  more  inclusive 
numerical  data,  were  used  for  Chapter  ?.  A  graphical  summery  of  the 
numerical  distribution  of  target  classee  by  coastal  belt  depth  it 
illustrated  in  Figure  C-3c  Figure  C  U  presents  the  distribution  by 
Communist  arta 

3o  Target  VulnsrablHtlaa  and  Areas 

The  calculation  of  weapon  yield  requirements  is  in  part  based  upon 
target  vulnerability  and  area.  Vulnerability  data  mere  supplied  in 
terms  of  a  vulnerability  number  range,  rather  than  isolating  a  specific 
vulnerability  number  for  a  given  target  class.  For  the  purposes  of 
this  analysis,  sample  vulnerability  numbers  were  chosen  from  within 
the  stated  rrages  to  provide  an  estimate  of  the  mean  vulnerability  to 
an  sir-bunt  weapon.  The  O.N.I.  ranges  and  chosen  mesas  are  listed 
in  Figure  C«5,  with  an  Indication  of  the  reasons  for  choice. 

Figure  C-5  also  lists  tbs  target  radii  used  for  the  weapon  yield  cal 
eulatlonso  These  numbers  were  obtained  as  rough  approximations  from 
the  Bend  Corporation  and  examination  of  levy  Target  Surveys  (with  tbs 
exception  of  the  3  wile  radius  for  cities.  This  number  is  the  radius 
of  the  circle  whose  area  Is  the  earns  as  the  median  U«S.  city  of  popula¬ 
tion  100,000  or  more  -  1SJJD  census.) 

B.  BABHEAD  UKUD  BM0I8BMEHTS 

Volume  IZ,  Fart  D,  describes  the  means  of  calculation  of  the  warhead  yield, 
baaed  upon  the  assumption  of  one  warhead  per  target,  target  vulnerability 
number  mud  radius,  and  on  a  desired  percentage  destruction  probability  fbr 
a  given  CKP  of  warhead  delivery.  Figure  C-$  lists  the  vulnerability  numbers 
and  target  radii  used  In  this  analysis)  and  Chapter  $,  Volume  1,  describee 
the  total  rnissne  system  delivery  error.  Figure  C-6  shove  the  weapon  yields 
required  for  a  $0f  destruction  probability  of  the  several  target  classes  at 
CKP  values  of  0,  0.5*  1*0  and  1.5  ml  las.  It  may  be  sure  that  the  larger 
targets  (cities,  ports)  require  megaton  class  warheads  at  all  CSP  values, 
while  the  smaller  targets'  requirements  quickly  drop  to  the  kilo  ton  class 0 
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Ttvi  effects  on  yiold  raquiremant  of  change  in  the  desire  d  percentage 
destruction  probability  are  indicated  in  Figure  C-7o  It  nay  bo  seen 
that  an  8-fold  increase  in  weapon  yield  will  roughly  correspond  to  an 
increase  from  50 %  to  90%  destruction  probability .  This  relationship 
can  be  used  to  interpret  the  effects  of  use  of  a  weapon  yield  higher 
than  that  indicated  in  Figure 

The  effects  on  yiold  require  sent  of  change  in  the  vulnerability  number 
are  indicated  in  Figure  C-60  If  cities,  for  example,  were  represented 
by  vulnerability  number  12  instead  of  11,  we  would  multiply  the  yield 
requirements  of  Figure  C-6  by  =  1*5  » 

Combination  of  Figure  C-8  with  the  procedures  of  Fart  D,  Volume  XI,  is 
presented  in  Figures  C-9a  and  b.  Let  us  aesuae  an  %/CEP  ratio  of  loll 
and  a  vulnerability  number  of  1$  for  a  target  radius  of  105  miles.  From 
Figure  C«9a,  we  see  that  this  Bj/CBP  ratio  fixes  the  weapon  radius  at 
1*5  mile  So  From  Figure  C~9a  we  find  the  inte  reset  ion  of  the  trainer  ability 
number  15  and  weapon  radius  1*5  miles  lines  is  on  the  one  megaton  weapon 
yield  line.  This  is  the  required  weapon  yield  for  50 %  destruction 
probability.,  Figure  C-7  say  be  used  to  estimate  the  weapon  yields  required 
for  seme  other  destruction  probability* 


C.  A1TEKMATIVE  TARGET  MOTEL  CCHKEMT3 

lo  launch  Ibinte  Instead  of  launch  Lines 

The  target  model  of  Figure  7-7  ass  men  that  the  attacking  submarine 
parallels  the  coest  trill  it  has  successively  eons  within  range  of  ttw 
two  rear  corners  of  its  idealised  coastal  belt  region.  At  least  with 
the  longer  range  miesiles,  such  a  procedure  is  not  necessarily  realis¬ 
tic.  For  example ,  an  arc  of  radius  1000  miles  swung  from  Helgoland  in¬ 
cludes  perhaps  30  to  35%  of  the  total  Coamuniat  bloc  targets.  If  the 
launching  point  were  shifted  to  the  English  Channel,  a  1000  mile  range 
would  still  cover  almost  the  same  fraction  of  the  Communist  targets. 

The  same  could  be  said  of  a  launching  point  in  the  Tyrrhenian  Sea  near 
Corsica  or  Sardinia.  From  any  of  these  points,  or  from  a  large  number 
of  other  points  in  reasonably  favorable  locations  on  the  Eurasian  coast¬ 
line,  any  submarine  considered  in  this  study  could  deliver  several  times 
its  full  1000  nils  missile  loade  This  would  mean  that  the  attrition 
from  sassy  action  would  be  lower  than  that  calculated  on  the  basis  of  the 
1000  nils  rectangular  target  model o  As  well,  the  number  of  trips  during 
a  given  period  of  time  would  be  correspondingly  reduced  by  elimination 
of  the  need  for  coastwise  traverse.  The  launch  point  oonoept  would  be 
a  logical  subject  for  further  ixrrestigation0  This  would  require  knowledge 
of  target  densities*  For  adequate  treatment  of  the  attrition  problem,  a 
corresponding  level  of  probable  defense  effort  density  knowledge  would 
be  needed  for  the  optimum  and  near-optimum  launching  regions., 

*  Subject  to  the  note  below  Figure  C-7,  l.c.  the  data  of  Figure  C-7  nsy  be  used 
for  all  but  the  ssro  CBP  column  or  for  tbs  first  3  city  entries. 
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The  restrict  ion  of  the  analysis  to  launching  only  one  missile  per  target 
implies  two  things:  first,  this  procedure  implies  that  there  are  store 
targets  than  there  are  missiles,  and  that  it  is  more  profitable  to  sink 
another  target  than  to  sling  a  second  or  third  missile  after  the  first 
oo»*  The  second  implication  is  that  no  target  intelligence  is  assumed 
after  attack  has  begun. 

The  first  of  these  Implications  nay  or  say  net  he  trueo  It  la  suggested, 
that  it  is  not  true  for  leer  missile  ranges  and  intarasdiate>to-high  missile 
loading.  The  second  implication  should  not  be  true,  at  least  If  more  than 
one  trip  is  to  be  made  to  attack  the  same  target  ares  with  maaduran  possible 
weapon  efficiency.  It  is  suggested  that  multiple  trip  target  intelligenae 
possibilities  within  a  given  target  area  should  be  Investigated  and  made 
s  part  of  a  more  oooprehensiue  target  motel  ewrf  nation. 

In  addition,  for  those  areas  where  there  are  more  targets  than  wriesilee 
for  any  particular  trip,  it  becomes  possible  to  assign  priority  numbers  to 
specific  targets.  This  could  permit  use  of  launohlng  positions  further 
offshore  for  a  portion  of  the  Missiles  delivered,  with  a  cooes  quant 
potential  sarliv  in  time  and  attrition.  Been  with  the  rectangular  target 
model,  it  is  only  as  as  eat  we  that  the  requirement  of  oamplmte  target 
coverage  is  oowpstlhla  with  the  a— imqiHnn  of  an  erases  of  targets  and 
the  use  of  probabilities  in  description  of  target  rt— age. 
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PART  D 

TARGET  EESTRUCTION  DATA 


In  order  to  calculate  the  weapon  yield  required  for  destruction  of  a  given 
targst,  you  need  to  know  the  si  se'arwl  vulnerability  of  the  target,,  the  aocuracy 
of  weapon  delivery  and  the  amount  of  destruction  that  will  be  considered 
s'5£ioient«  *«*  the  purposes  of  this  study,  the  weapon  is  assuasd  to  be  an 
alrtwrst  at  the  optimum  altitude  for  the  type  of  target  attacked,  and  it  is 
sssuoed  that  primary  blast  damage  is  the  objective  sought. 

Ao  Target  Description  Data 

It  has  been  assumed  that  the  general  target  la  circular  in  shape  and  ita 
slsa  is  sufficiently  described  by  specification  of  the  target  radius.  The 
target  vulnerability,  is  measured  on  a  blast -damage  vulnerability  number 
eoele  from  4  to  18.  This  vulnerability  wither  seeling  method  specifies 
the  weapon  radium  for  a  particular  warhead  yield.  The  weapon  radius  is 
illustrated  in  Figure  0-1,  which  indicates  the  distribution  of  target 
damage  within  an  extensive  target  area  of  uniform  vulnerability .  As  much 
eras  eecaptes  destruction  within  the  circle  of  radius  Wr  as  is  daamged 
outside  this  circle.  Figures  D-l-A  and  -B  wars  drawn  using  the  aestaqptlon 
thatcn  *  0.20  Wj..  This  is  the  standard  deviation  of  destructive  primary 
blast  damage  for  buildings.  Tbs  destruction  probability  distribution  of 
Figure  D-l-B  is  aasused  to  resisln  unchanged  in  shape  with  ehaege  In 
weapon  yield.  The  numerical  values  of  the  weapon  radii  for  different 
weapon  yields  are  assumed  to  be  proportional  to  the  cube  roots  of  the 
weapon  yields,  ell  other  factors  remaining  constant.  The  sasaeptions  of 
cube  root  scaling  and  of  a  constant  standard  deviation  to  weapon  radius 
ratio  la  hellsved  to  provide  conservative  estimates  of  weapon  radii  for 
large  weapons  (vicinity  of  a  megaton)  and  slightly  liberal  estimates  for 
small  weapons  (a  few  kilatone). 

As  Indicated  above,  the  weapon  radius  for  a  given  weapon  is  a  function  of 
target  vulnerability  number.  Figure  D-2  shows  this  function  for  a  om-kiloton 
weapon.  These  data  are  used  for  calculation  of  corresponding  weapon  radii  * 
for  larger  warheads.  Flgurs  D-3  tabulates  the  corresponding  weapon  radii  for 
larger  yield  warheads-, 

*N0TBt  It  should  be  noted  that  the  weapon  radii  are  also  a  fraction  of  blast  height. 
.  Figure  D-2  uses  the  maximum  radius. 

'  "Target  Analysis  for  Atomic  Weapons”  PTVM-14,  30  June  1954 
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The  accuracy  of  missile  delivery  (inciting  errors  that  are  aorwequant. 

Tram  uncertainty  of  location  of  the  target)  is  e.vpreaaed  by  the  CEP 
(circular  error  probable)  of  the  weapon*  Xi  the  CEP  is  large  with  respect 
to  the  rdciiua  of  the  target,  the  required  v  apon  radius  will  be  of  the  setae- 
order  of  magnitudes  ss  the  CE'"*  If  the  target  radius  is  the  larger,  it  will 
control  the  weapon  i*adiuSo  Figures  D-l.-'A  ard  U  show  this  relat  ionship,  and 
as  will  indicate  the  relationship  between  t-:e  probable  percent  destruction 
and  weapon  radius  requirements  0  It  may  ho  seen  by  tho  difference  between 
lines  in  Figure  D-l^-A  that  tho  ratio  a  botvean  weapon  radii  for  different 
percentage  destruction  values  we  essentially  independent  of  th*  '*/CKP  ratio 
for  Rt/CBP  values  of  about  2  and  looser. .  With  the  exception  of  the  low  CSP’s 
for  nap  matching  techniques,  this  lfjw  "‘'  /Cl?  ratio  range  should  includa  all 
but  tlie  very  large  targets  •  Figure  D  $  shcrua  the  cost  of  increasing  the 
inquired  porcentage  of  probable  target  destruction*  Ibis  figure  also  indicates 
the  bonva,  :in  tenns  of  percentage  doatructioi  that  would  accrue  if  a  weapon 
of  large  yield  were  to  be  used  cn  a  target  tint  required  a  smaller  yield* 


C,  Samples 

Figure  D-6  shows  the  increases  in  weapon  yield  required  for  a  hard  small 
target  with  increaso  in  CEP,  Figure  H  7  shew  the  sums  for  a.  Large  soft 
target,  Tho  downward  curiature  of  the  lines  in  Figure  D-7  is  parallel  in 
Figure  £"dr  but  c££  scale  to  the  left*  Figure  D-8  shows  the  same  kind  of 
information  in  another  manner.  The  present  target  damage  is  shown  aa  a 

function  of  the  CEP/-^  and  Wa/ ratios* 
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Force  Requirement a  Data 
Ae  Force  Requirements  Equations 

Determination  of  the  number  of  submarines,  and  the  number  of  missiles 
carried  by  each  submarine,  in  a  weapon  system  possessing  the  capability 
of  destroying  within  a  specified  time  a  given  number  of  targets  in  a 
target  belt  can  only  be  accomplished  in  a  probabilistic  senses  The 
following  quantity  will  be  estimated  in  this  sections 

N  *  Initial  number  of  submarines  in  ths  weapon  system* 

The  number  of  tripe,  t,  made  by  each  submarine  and  the  number  of 
missiles,  L,  carried  by  each  submarine  will  be  treated  parametrically* 

The  following  quantities  cannot  be  determined  precisely  since  they  depend 
upon  chance  events  2 

Tt  v  cumulative  number  of  targets  hit  after  t  tripe. 

M(t)  «  cumulative  number  of  missiles  expended  during  t  trips* 

Mflred  =  cumulative  number  of  adeeilee  fired  during  t  trips  t 

Mlost  *  *ls*U«s  lost  due  to  destruction  of  submarines  during  t  trips* 

These  quantities  depend  upon  chance  in  view  of  the  unoertainity  of  a 
submarine  completing  a  trip,  the  uncertainity  of  a  missile  properly 
functioning,  etc.  Measures  of  these  uncertainlties  are  introduced  as 
follows  $ 

na  s  probability  of  submarine  attrition  during  a  trip. 

na  -  probability  that  a  submarine  will  be  available  for  a  trip. 

nt  ~  probability  of  successful  missile  pre- launch  teste 

ng  y  probability  of  successful  missile  delivery  after  sueoeesful 
pre-launch  test. 

Moreover,  the  average  value  or  expected  value  of  the  random  variable 
Tt  will  be  denoted  by  Sty.  Similarly,  the  aspect value#  of  Nfirgd 
KLoet  *>•  denoted  by  £(M(f,t)l  and  E/M(l,t)  I,  respectively. 

It  will  be  assumed  that  submarine  attrition  is  equally  likely  for  all 
points  on  the  paunch  line  and  that  the  missiles  are  fired  at  a  uniform 
rate  along  the  launch  line.  Under  these  assumptions,  the  expected 
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number  of  missiles'  firt*i  by  an  attr  /.ted  submarine  will  be  one  half 
of  the  expected  number  of  missiles  fired  by  a  submarine  which  success¬ 
fully  completes  a  trip.  It  will  also  be  assumed  that  a  successfully 
delivered  missile  hits  the  target  for  which  it  is  intended  and  that 
only  one  missile  is  launched  against  each  target?  Under  these 
assumptions,  a  relationship  between  N,  ET+ ,  and  l>  can  be  derived  as 
well  as  a  relationship  between  BM(t :  and  5!Tt* 

Consider  a  submarine  which  succe'  ~ally  completes  one  trip.  The 
probability  that  such  a  submarine  wi  ll  successfully  deliver  a  missile 
is  equal  to  The  expected  number  of  successfully  delivered 

missiles  is  given  by  the  mean  of  a  binomial  distribution  and  is  equal 
to  L  ntftfli.  Moreover,  the  expected  number  of  missiles  successfully 
delivered  by  an  attritted  submarine  is  equal  to  Lc^l^a/2o  The  number 
cf  submarines  expected  to  complete  the  first  trip  is  given  by  Nqa(l-n* 
The  number  of  submarines  expected  to  attrlt  ia  given  by  Nn^n^o  Hence,; 
the  expected  number  of  missiles  successfully  delivered  on  the  first 
trip  is  given  by 

Hija  -•  (1-^). 

The  expected  number  of  submarines  remaining  after  the  first  trip  is 
K-Rqaifu  s  N(l-t^t  ).  Of  these,,  l(l-:}ai|s)iu(l~i}a)  are  expected  to  com¬ 
plete  the  second  trip  and  N(l~T^n8)r}4i^  are  expected  to  attrit  on  the 
second  trip?  Hence,  the  expect sg  number  of  missiles  successfully 
delivered  on  the  second  trip  is 

Nfl-l^n.}^  (1  R  f  = 

In  general,  the  expected  number  of  missiles  successfully  delivered  by 
N  submarines  on  the  trip  is 

Hence,  the  expected  number  of  targets  hit  in  t  trips  is  given  by 

t 

BTt  NL(l-ij,,ijft)J'1ijanfci^  (l-ns/2>  “ 

^  NLn*ntn»  (l~V2J^  U-n^)^1 


s 


Since  the  series  in  the  last  expression  is  a  finite  geometric  series,, 

ETt  -  HI  %%%  U-,*/2)  1  (1  W>*) 

(E-l)  **  t 

1“  (1-1)8%  )4 


i  NL  (i-Wa) 


*?8 


which  is  one  of  the  desired  relationships*, 

The  computation  of  E^(f,t)J  can  be  carried  through  in  the 
maimer*  but  one  needs  only  to  note  that  the  suppression  of  n  in  the 
above  analysis  yields 

Eg(f,tj]=  nl  ^  (1-V2) 1  (1 

% 

Assuring  that  niasilss  are  lost  only  when  the  submarine  carrying  thee 
ia  attritted,  it  can  be  shown  that 

HI  1'(1^'t‘)t  . 

Moreover,  since  £M(t)  -  ^(f,t^  /  ^4(1,  tjj, 

w(t)  =  hi  (l-a-^j,)4)  (i  /  ~  (1-2*)? 

“e  2  ' 

:  %  (i-(i-”.%)‘1  jjjs  t  %  d-2*)j 

It  follows  from  equation  (S-l)  that  8 

f*  '  £ 


EM(t)  ?  STt 


2 


which  ia  the  second  desired  relationshipe 
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3o  geleotion  of  Optimum  Launoh  Line  Offshore  Distance 

Consider  a  rectangular  target  belt  of  length  1000  miles  and  depth 
miles,  and  a  missile  with  range  R^ 

With  the  target  model  choeon  for  this  study,  it  has  been  assumed 
that  each  submarine  launches  its  missiles  while  traversing  a  line 
segment,  called  the  launch  line,  which  is  parallel  to  the  coastline 
of  the  target  belts  This  ia  shown  in  Figure  E~l,  which  is  similar  td 
Figure  9-3 »  Volume  Ie 


TRIP 

HOLE! 


The  enuay’s  defenses  are  assumed  to  extend  to  at  least  Rg-Ri  miles, 
so  that  the  submarine  will  always  h *m*  to  penetrate  the  defease  in  order 
to  launch  its  missiles.  With  this  restriction,  the  depth  of  the  enesy 
defense  will  be  varied  to  maximize  submarine  attrition  for  a  given 


s  F  f  R  F  T 


missile  range-  It  will  be  shorn  that  the  beat  enemy  defense  depth 
will  alvay*  equal  either  Kg-Rp  400  (high  level  defense  only),  or 
1000  miles,  the  limiting  value  chosen  for  this  study e 

Choice  of  the  optimum  launch  line  offshore  distance.  Rg,  for  a 
given  missile  range,  R«,  is  based  on  s  defense  depth  of  at  least 
RH-R^  miles.  The  actual  depth  of  the  defense  zone,  providing  that  it 
is  ?  R|f -P.},,  will  not  affect  the  choice  • 

Since  it  is  desired  to  minimize  the  time  spent  by  the  submarine 
in  the  defense  zone,  for  the  low  level  defense  (for  which  case  the 
submarine  average  speed  in  constant  within  the  defense  zone),  this  can 
be  done  by  minimizing  the  distance,  1^,  traveled  within  the  defense 
zoneo  This  distance  equals  the  distance  traveling  perpendicularly 
to  tho  coast  in  and  out  of  the  defense  zone  plus  the  length  of  the 
launch  line ,  This  can  be  expressed  mathematically  ass 

I*!  *  2  (RH-Ri-Rj)  /  Llo 

hi  is  plotted  in  Figure  £-2  (solid  curves)  for  a  number  of  values  of 
Rh  as  a  function  of  Hi  /  R2*  equation  of  these  circular  arcs  is 
clearly 

flOOC  -  Ll  2  1  rv  /  B  ^2  „  2 

1 - 2 - k)  *  kRi  *  "  %i  * 

so  that 

Ll  s  1000  ~  2>ki?  -  /  R2)2,  defined  for  0*1^1000  and 

Rl  /  R2i%£lJOOOo 
Therefore s 

.  2{Rm  -  Rl  -  R2;  /  1000  -  Wrm2  -  CrT7«2? 

Taking  the  derivative  with  respect  to  offshore  distance,  R2,  and  setting 
it  equal  to  sere  8 


«  -2  /  2(R-j  /  R2)  (Rm2  -  (R2  /  k2)2)“i  „  0 
so  for  minimum  lyi; 
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In  the  plot  of  Figurs  E~2P  the  dashed  lines  represent  the  loci 
of  the  optimum  values  of  32*  The  expressions  for  Rg  and  for  each 
of  the  three  belt  depths  arc  given  below* 

(1)  Rx  =  0 

la)  0'%S707  *  Rg  J* 

Ll  -  1000  -  s/5“  Rj. 

(b)  Rk^707  *  ^  -  0  ,  Rg  -  5002 

(2)  Rx  «  200 

(a)  200«c R|| Sr283  i  R2  —  0  p 

Ll=  1000  -  2^  -  2002 

(b)  2*3^*707  *  R2=^‘20O* 

PT 

^  «  1000  -  75"  ^ 

*vc)  R^^TO?  t  lL  s  0  ,  8j  s  Tfitf2  *  5002  -  200 

(3)  Rx  r  500 

(a)  500<RMI;707  *  Rg  0  ,  LL  =.  1000  -  2  AT  -  5002 

■■■  »>—i 

(b)  RK*707  *  1^-0,%:  TV  5002  -  500 

Figure  S— 3  shows  optimal  offshore  distance  vse  missile  range  as  a  function 
of  belt  depth  for  a  low  level  defense* 

With  a  high  level  defense,  for  the  case  of  the  nuclear  sufaoarine 
which  penetrates  the  long  range  passive  server  region  200  to  400  miles 
offshore,  time  within  the  defense  cone  is  no  longer  directly  propor¬ 
tional  to  distance  traveled  within  the  defease  sane*  For  this  case, 
it  ’-meases  necessary  to  minimize  time  aperrt  in  the  defense  zone,  Tj, 
rather  than  just  distance  traveled,  Ld*  Speeds  of  the  submarine  mile 
in  the  defense  zones  were  ao sensed  as  indicated  in  Figure  £-4  below* 
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FIGURE  K-4 

SUBMARINE  SPEEDS  WHILE  IN  HIGH  LEVEL  DEFENSE  ZONES 


Submarine  Speed,  Knots 


Distance  Offshore,  Miles 

Nuclear 

Diesel 

0  to  200 

15 

* 

200  to  400 

5 

* 

Over  400 

15 

5 

#Thd  die 00 1  3ubiar5ne  is  assumed  to  stay  outside  the 
locg  range  passive  sonar  regions 

The  only  po.unta  wham  the  optima*  offshore  distances  may  change  from 
the  values  of  Figure  E-3  are  those  where  the  optima  R2,  as  calculated 
for  the  lew  level  defense,  falls  in  the  200  to  401  mile  zoneo  Far 
these  cases,  the  other  two  possible.*  values  of  R2  ar®  200"  ard  400* 
miles o  A  sLa^le  calculation,  using  the  formula  for  Ih  and  the  speeds 
J11  Figure  E  -4,  will  ahour  which  of  t.he  three  possible  "best"  launch 
lines  gives  minimum  T^<,  The  resultant  plot  of  optimum  offshore  dis- 
tance  vso  missile  range  for  a  high  level  defense  is  shown  as  Figure 
E~5c 


C0  Determination  of  Bast  Ejcmy  Defense  Depth 


As  mentioned  in  thi  preceding  section.  a  variable  eneocr  defense 
depth  has  been  as3uaedo  From  the  material  in  Chapter  8„  Volume  I„ 
submarine  attrition  is  taken  as  proportional  to  time  in  ths  defense 
zone,  T,j,  divided  by  ths  area  cf  the  defense  sone«  Since  the  defense 
zone  has  been  taken  as  1  recta rgie  of  fixed  length  (1000  miles)  and 
variable  dooth  (at  least  %  -  but  not  more  than  1000  miles), 
submarine  attrition  will  clearly  bo  proport  ional  to  T^/R^j.  where  R^ 
is  the  defeosa  v.ona  depth.  Subject  to  the  restriction  that  Rj  is 
to  be  riot  less  than  Rjp  -  R^j  nor  greater  than  1000  miles,  %  can  then 
be  expressed  as  fyn=Ri  /  F,  where  K  csr,  aseuane  any  positive  value  up  to 
(lOCO  -  (Hj4  -  R-X)J  ,  for  R-j*  RK*1000  miles 0 


Since  the  average  submarine  speeds  have  been  assumed  constant  within 
the  defense  zone  for  a  low  level  defense,  Tj  will  be  proportional  to 
1*1,  distance  traveled  ir.  the  defense  zone<>  Therefore,  to  find  the 
best  enemy  defense  it  is  necessary  An  maximize  the  following  expressions 


Q 


Ig  SCR^-Rj)  /  1<L 

®S 


2  ((Rjf’R.i  /  R)  ~Rj r  Ij, 


By  substituting  tho  expressions,  given  in  ths  preceding  section,  for  R2 
and  lj4  as  a  function  of  for  each  belt  drpth,  Rj,  Q  can  be  differ¬ 
entiated  to  got  ths  optimum  value  of  K  ao  p  function  of  R^ 

n  1  a  ! .  t 


v 


The  following  table  shows  the  value  of  Q*  (or  dQ/dK)  which 
obtains  for  each  of  the  separate  cases  previously  conaideredo 

FIGURE  K-6 

DATA  FOR  DETERMINATION  OF  BEST  ENEMY  DEFENSE  DEPTH, LOW  LEVEL  D3LFEKSE 


Coastal  Balt  Missile  Range 

OspthjRji _ Rjj_  Q®  Variation  of  Q'  with  Xnci -saving  X 


0 

8^707 

2/5"  R^  -  1000 

Negative  for  %  <  351* 

Zero  for  Bg  -  35U 

Positive  for  *n  >  35  U 

!«*  ♦  Ov 

707  ^  *  1000 

-  go* 

(Rjj  +  I)? 

Always  positive 

200 

200<Bm<283 

zJrJmF  -  1000 

Always  negative 

(R^  f  K  -  200)* 

283*8^707 

2/f  R,,  ~  UtOO 

Ksgstive  for  Eg  < 

Zero  for  %  *  10U 

Positive  for  >  l£U 

(Rg  f  I  •  200)* 

707*8^1000 

-  1|00 

Always  positive 

(fcy*  K  ~  200)* 

500 

$00^*101 

2JLZ.500*  -  1000 

Hsgative  for  %  <  707 

Zero  for  Rg  *  707 

(Bji  *  X  -  500)* 

707*SRj(dlOOO 

2^-500^  - 1000 

Zero  for  fig  as  707 

Positive  for  8^  >  707 

(lh ♦ « - 

The  last  coluan  in  this  table,  "Variation  of  Q*  with  Increasing  X", 
Indicates  how  the  value  of  X  should  be  selected  so  as  to  waxinisa  Q  * 
L^/Rd<>  If  Q®,  the  derivative  of  ld/Bd,  it  always  negative  as  K  increases, 
this  shows  that  I4/R4  1"  decreasing  with  increasing  I,  and  therefore 
the  saxianro  value  of  Xg/Rd  i»  obtained  by  aetting  K  equal  to  sero«  If 
Q*  is  aero,  14/84  will  bo  constant  regardless  of  too  value  of  Ko  If 
Q*  is  always  positive,  Lg/R^  is  increasing  as  K  Increases,  and  X  should 
assurae  its  aaxinun  value,  that  which  will  asks  R^  equal  to  1000  nilsa. 

The  results  are  tabulated  in  Figure  E~7« 
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FIGURE  E  7 

BEST  ENEMY  DEFENSE  DEPTH,  LOW  LEVEL  DEFENSE 
Coastal  Bolt 


Depth,  R^ 

Missile  Range,  R^ 

Beet  Defense  Depth 

0 

*M 

35k*  1000 

1000 

200 

200«BM«ltfU 

R*  «  200 

494*%  *1000 

1000 

500 

500<Bj(«707 

R*  «  500 

707*  8**1000 

1000 

With  a  high  level  dsfonsa,  tho  defonso  model  Is  more  complicated, 
and,  as  in  tho  determination  of  optima  offshore  distance.  It  is  again 
necessary  to  calculate  actual  tine  in  the  defense  sone,  ty,  to  determine 
the  best  enemy  defense  deptho  The  procedure  is  similar  to  that  shown 
far  the  law  level  defense 0  However,  the  fact  that  the  speed  limita¬ 
tion  of  the  nuclear  submarine  is  so  marked  in  the  200  to  400  mile  off¬ 
shore  sone  with  long  range  passive  sonar,  the  best  enmqr  defense  in 
same  cases  turns  out  to  be  400  miles  rather  than  either  R^-R^  or 
1000  miles  j  The  table  below  shows  the  results  of  the  calculations o 


FIGURE  E-8 

best  enemy  defense  depth,  high  level  defense 

Coastal  Belt  Depth, 

Kiseile  Range,  R* 

Beet  Defense  Depth,  % 

0 

V*160 

% 

360*8**400 

Uoo 

400*  8**1000 

1000 

200 

200<%*34l 

200 

301*^^600 

4oo 

600*  B**  1000 

1000 

< 

5oo 

500*8**610 

B1|-500 

610  *  R*  «  900 

4oo 

900  *  8**1000 

1000 
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X. 

I 

I 

1 

I 

I 

I 

1 

I 
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Oo  Submarine  Attrition  and  Force.  Requirements  as  a  Function  of  Missile  Range 

With  the  values  of  T^/Rd  which  etui  now  be  readily  calculated, 
data  frost  Chapter  8,  Volume  I,  is  employed  to  find  the  associated 
values  of  n8,  submarine  attrition  per  trip.  In  order  to  simplify 
this  process,  all  values  of  Td/R^  were  normalised  to  a  defense  depth, 

Rd»  of  100  miles.  Figures  E-9  and  E-1C  are  plots  of  Td (normalised 
for  an  Rd  of  100  miles)  vs.  missile  range,  R*,  and  Figure  E-ll,  based 
on  Figure  8-1,  gives  <4  V8»  Td  for  high  and  low  defense  levels  and  a 
100-mile  defense  depth.  Clearly  the  desired  graphs  of  n[8  vs.  Rjj 
(Figures  £-12  and  £-13 )  can  be  obtained  by  c rose- plotting  Figures  £-9 
and  £-10  with  Figure  £-11. 

From  the  equation  derived  for  submarine  force  requirements  per 
target  hit,  l/Tfc,  Figure  £-14  has  been  plotted  to  show  |^Tt  as  a 
function  of  qs  for  1,  5,  and  10  tripe.  By  combining  these  curves 
with  those  of  Figures  £-12  and  £-13,  ife  vs.  R^,  the  plots  of  Figures 
3-15  through  F-20  are  deprived,  shewing  N/T*,  vs.  S^. 

3elect ioti  ci  Optimum  Missile  Rangq  for  a  Given  Humber  of  Tripe 

Having  determined  submarine  force  requirements  per  target  hit, 

N/Tt,  as  a  function  of  missile  range,  %,  it  is  now  a  straight¬ 
forward  process,  given  the  number  of  targets  to  be  hit,  Tt,  to  combine 
this  information  with  weapon  system  costs  for  a  particular  submarine^ 
oiseile  system  and  find  the  R,  for  minimum  cost.  Only  the  one-trip  ' 
case  will  be  discussed,  since  the  procedure  is  identical  for  any  given 
number  of  tripe. 


Since  the  actual  number  of  plots  required  to  determine  the 
optimum  value  of  Ru  for  each  case  under  consideration  ia  144  (two 
defense  levels,  two  values  far  Tt,  two  missile  loadings,  three  belt 
depths,  and  six  submarine-missile  combinations),  only  one  typical  case 
will  be  illustrated,  although  all  cases  hare  actually  been  evaluated. 
For  the  example* 


Submarine  -missile 
Missile  loading 
Defense 

Coastal  Belt  Depth,  R^ 
Number  of  targets  hit,?t 


Nuclear-cruise  (CT) 
20 

High  Level 
0  miles 

-  100 


By  examination  of  Figure  £-18,  showing  N/T*  vs.  R®  for  a  coastal  belt 
depth  of  0  miles,  missile  loading  of  2,  ana  a  high  level  defense,  it 
is  apparent  that  N/Tt  ranges  from  .116  to  about  .128.  To  gat  M, 
number  of  submarines  required,  N/Tt  must  be  multiplied  by  100,  sinou 


t 

\ 

\ 
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Tt  m  100 „  and  divided  by  10,  since  the  missile  loading  for  this  example 
is  20  rather  than  2c  Thus  N  will  range  from  11.6  to  about  12.8.  The 
procedure  is  then  to  utilise  coat  data  from  Part  F,  Volume  II.  The 
coat  data  is  available  for  R®  100  E  400,  and  1000  miles  and  N  s.  10, 

50,  and  100  submarines.  By  cross-plotting  this  data,  it  is  possible 
to  get  weapon  system  cost  data  as  a  function  of  8-  for  any  reasonable 
values  of  N  (extrapolating  over  a  limited  range  if  necessary).  Figure 
E~21  (solid  curves'  shows  weapon  system  costa  vs.  Btt  for  several 
values  of  N  covering  the  required  range  from  11.6  to  12.8.  It  is  then 
only  necessary  to  enter  the  curves  with  the  value  of  I  corresponding 
to  each  Be  chosen,  and  draw  in  the  dotted  curve  which  now  represents 
weapon  system  cost  (for  the  particular  example  chosen)  as  a  function 
of  missile  range,  H_.  The  value  of  R_  ie  then  choeen  which  gives 
minimum  cost;  in  this  case,  R^  ie  about  220  miles. 

E»  of  Optimum  Missile  Range  for  a  Given  Campaign  Duration 

Whan  the  campaign  duration  is  limited,  trip  time  becomes  Important 
in  the  determination  of  submarine  force  requirements.  Obviously  the 
more  tripe  each  submarine  can  make,  the  fewer  submarines  will  be  re¬ 
quired  to  bit  a  fixed  nueber  of  targets.  Clearly  the  shortest  trip 
time*  will  be  associated  tilth  the  longest  missile  ranges,  for  a  given 
belt  depth. 

For  a  fixed  campaign  duration,  it  has  been  assumed  that  the  sub¬ 
marines  will  proceed  at  maximum  cruising  speed  (20  knots)  until  within 
500  miles  of  the  coast,  regardless  of  the  enemy  defense  depth,  since 
the  increased  submarine  speed  will  decrease  the  trip  thee,  end  thus 
the  submarine  force  requirements  usually  decrease  by  an  appreciable 
amount.  Based  on  submarine  tactics  in  World  War  II,  it  is  a  known 
fact  that  submarine  skippers  will  take  calculated  risks,  especially 
when  the  enemy  ASW  fores s  are  spread  relatively  thin.  Naturally,  the 
submarine  attrition  would  bo  expected  to  increase  (when  the  defense 
depth  wee  greater  than  500  miles)  over  the  values  calculated  previously . 
However,  in  almost  all  oases,  the  actual  increase  in  attrition  might  be 
from,  say,  an  original  value  of  IS  to  a  new  value  of  3  or  4  S*  This 
will  have  a  negligible  effect  in  the  determination  of  submarine  fores 
requirements,  so  the  plots  of  submarine  force  rsauirements  per  target 
hit,  M/Tt  ve.  submarine  attrition  per  trip,  n«,  (Figures  8-15  to 
E-20)  will  be  used  without  change  in  determining  submarine  force 
requirements  as  a  function  of  number  of  trips  for  given  values  of 
missile  range,  R*. 


Basod  on  the  optimum  offshore  distances  previously  determined  and 
the  submarine  tactics  described  in  the  preceding  paragraph,  submarine 
trip  time  vs.  R^  was  calculated.  Figures  E-22  end  £-23*  trips  per  month 
Rja»  ®r®  on  those  calculations,  with  a  turn-around  time  of  48 

hours  per  trip  included. 
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Going  back  to  Figures  E--15  through  E-20,  N/Tt  vse  R^  for  1,  5, 
and  ID  trips,  it  is  obviously  poaaibla  to  re-plot  va.  number  of 
trips  for  different  values  of  Rn*  This  work  has  not  been  shewn,  but 
when  combined  with  the  graphs  of  tr^a  per  month  vs0  R®  (Figures  E-22 
and  E-23)  results  an  the  desired  plots  of  submarine  force  requirements 
per  target  hit,  N/Tt,  per  month  vs*  R®,  Figures  E--2h  and  E-J5» 

Having  reached  this  point,  the  procedure  is  identical  with  that  for 
'Use  one -trip  case  described  in  the  preceding  a cation*  Given  the  number 
of  targets  to  be  hit,  Tt,  and  the  missile  loading,  the  range  of  sub¬ 
marine  farce  requiresaents,  N,  per  month  le  determined  ae  a  function  of 
Rg.  Cost  data  are  then  plotted  for  a  given  case,  with  the  desired 
range  of  N,  and  a  curve  is  again  drawn  through  the  points  for  each  N 
corresponding  to  a  given  R®*  For  a  two-month  campaign*  the  Identical 
process  is  repeated,  except  that  all  values  of  N  are  halved* 
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PART  F 

System  Costing 


The  purpose  of  this  appendix  is  to  present  detailed  costs  for  a  sample  system* 
tlie  method  of  arriving  at  these  costs ,  and  cost  sensitivity  to  variance  of 
items  in  the  system,,  The  sample  system  contained  hereafter  consists  of  ten 
(10)  nuclear  submarines,  carrying  ten  100-mile  ballistic  missiles.  The  nisei. le 
range  Is  varied  to  show  its  effect  on  system  costs.  Ranges  will  be  extended 
to  UPO  and  1000  nautical  ndles. 

The  general  methodology  contained  herein  applies  to  all  systems.  The  general 
basic  assumptions ,herBlnaf ter  contained,  apply  only  to  the  sample  system  being 
coated  in  this  Appendix.  Specific  assumptions  will  be  listed  under  each  cost 
category.  All  general  basic  assumptions  are  contained  in  Volume  I,  Chapter  10 
"System  Costing". 

COSTING  .METH0D0LDGX 


The  costing  proesss  used  in  this  stutfer  is  based  essentially  on  the  Rand  format. 
It  is  anticipated  that  this  costing  method  will  facilitate  cost  comparisons  oith 
other  nuclear  warhead  delivery  systems. 

A „  Cost  Structure 


The  weapon  systems  are  costed  within  the  following  basic  cost  structure* 
Figure  F-l„ 


SUBMARINE  STRIKE  WEAPON  SYSTEM 

COST  ITEM 

INITIAL 

PROCUREMENT 

ANNUAL 

OPERATIONS 

TOTAL  WEAPON 
SYSTEM  COST 

INSTALLATIONS 

EQUIHffiNT 

PERSONNEL 

TRANSPORTATION 

STOCKS 

EXPENDABLES 

MAINTENANCE 

TOTAL 

FIGURE  F-l  -  BASIC  COST  STRUCTURE 
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Bo  Coating  Xarglno?iogy 

The  following  terms  and  definitions  coincide  with  current  U0S,,Navy  cost 
terminology  insofij*  as  can  be  ascertained  for  Phase  I  of  this  study0  The 
terminology  applicable  to  this  stud;/  is  as  follows: 

lo  initial  Procurement  Cost  Items 

First  outfitting  costs  for  a  complete  operational  weapons  system « 

t'  Installations  -  All  building,  raraps,  docks,  surfaced  accesses, 
real  estate  and  permanently  installed  equipment  ( non-eeve rabies ) , 
as  distinguished  from  other  equipment  (sere rabies)  and  furnishings- 

b-  Equipment  •»  All  operating  equipment  items  except  non-seva rabies 
listed  above o  Cost  items  in  this  category  have  over  one  (l)  year 
life  and  are  comparable  to  capital  equipment  in  civilian  terminology o 

Co  Stocks  “  The  initial  outfitting  of  expendable  items  which  provide 
enough  supplies  to  initiate  operations  and  stockpile  for  HRMR 
(Mobilization  Reserve  Material  Requirements) » 

do  Transportation  -  Costs  are  not  identified  under  initial  procure- 
riant,  assumed  to  be  included  in  the  individual  itenu 

Co  Personnel  -  Bo  costs  are  included  In  this  area  per  basic  costing 
assumption  limitation. 

f  o  Expendables  -  Dot  applicable  under  this  category,  appears  under 
annual  operations  o 

go  Maintenance  -  Not  applicable  under  this  category,  appears  under 
annual  operations, 

2.  Annual  Operations 

These  costs  cover  a  five  (5)  year  operational  period.  Missile  costs 

are  included  for  destruction  of  ona  hundred  (100)  and  three  hundred 

(300)  targets. 

a.  Installations  -  Not  applicable  under  this  category,  limited  to 
Initial  procurement  costa. 

bo  Equipment  -  Use  costs  for  land  based  equipment  ineluding  utility 
and  fuel  costs.  These  costs  exclude  personnel  and  generally  cover 
supporting  system  operating  costs  as  opposed  to  operational  system 
costs  (submarines)  which  are  covered  under  personnel,  expendables 
and  maintenance  o 


SECRET 


i  .. 


J 


( 


I 


c  Jitoc’-ss  ^ot  appj  .cable  tmdr  i  o;»i.» c  •itcgcry.,  appears  under 
initial  procurement  » 

cL  Transportation  Cost  of  transporting  expendables  to  the  end 
osaage  'locution For  the  pr'J.ot  study  a  factor  of  i%  of  the  ox 
oendab.le  .  cost  has  been  used  j 

i 

q,,  Personne3  ~  Manning  costs  for  o.-ex ational  unite  and  supporting  j 

syst8ni""Sepot  installations  *  Dots  rot  include  ove>ra31  submarine  | 

base  psrsonnsl  coat*  ta  therm  costa  •aero  not  determineable  for 
the  pilot  study  work „ 

f  Kx.pendab.3e a  -  Includad  in  this  category  are  items  such  as 

conaunaElee  (food)  and  expendables  ( annual  ti  on,  petroleum,  oil, 
lubricants,  missiles  t.nT".rJxi cell ai~e  o  us  supplies ] „ 

g©  Maintenance  -  Upkeep  costa  for  installations  and  equipment  over 
■£ha  operation  time  period 

GOST;  IS  ASSUMPTIONS  j 

In  presenting  the  coeta  of  a  sample  aubimrino  strike  weapons  system,  the 

following  coating  issuapti.ona  have  bean  made; 

A,  All  coats  are  taseo  on  a  1955  dollar  value©  ! 

B©  All  depreciable  iteaa  are  assumed  to  bs  1003!  depreciated  during  the  five 
(5)  year  mobilisation  reserve  period,  Uo  residual  value  has  boon  con-” 
aide  red, 

Co  Sue -Lear  warhead  costs  have  been  excluded©  Iu  is  assumed  that  nuclear  war¬ 
head  costs  wil3.  remain  fairly  constant  regardless  of  delivery  method© 

\ 

D0  The  cost  per  aquaz'e  foot  of  new  installations  is  held  constant©  It  is  I 

recognised  that  a  percentage  factor  would  be  upp3.ied  to  obtain  overseas  * 

construction  costa,,  i 

E0  Depot,  missile  storage  shads  and  sraarcaririo  schools  are  assumed  to  be 

located  on,  or  closely  adjacent  to*  the  submarine  base©  ■ 

i 

F.  The  five  (5)  year  mobilisation  reserve  pexdc-d  is  costed  on  the  basis  of 
a  full,  strength  operational  system.  No  atteiopt  has  been  made  to  do  in 
creinsr.tal  costing,,  j 

3„  Mobi.liiation  ressrvo  period  as  ussd  :lr  this  •jtuc'fcr  is  defined  as  "  a  ninety  i 

(90)  day  stockpile  available  for  Mobilization"©  5 

? 

Ho  Costs  herein  presented  are  for  a  sys'c^  capable  of  destroying  100  targets o  < 

I-  Sequential  cost  factors  have  not  bar;  c ram i rare d,  1 


i 
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TOTAL  SYAKK  COSTS  FOIL  A  SUBMARINE  MISSILE  ULi 


NOTE 

» . . .  ■“**"  '**'  —  -  —  -  •—  —  >-  ‘  -  *•  — — 

1  Lhij  cost  <!;rtu  presented  is  for  ace  in  t.hi?  ,->tudy 
|  cn.ly0  It  is  not  intended  by  General  Dynamics  that 
:  the  cost  d.1  to.  contained  herein  bn  used  for  .115:  other 
1  P'^ruoije.  contractual  or  otherwi  50  x _ 


The  r  supple  system  prt  rented  herein  IoJ-Lcwb  the  rsothoJology  outlined  in 
Fig  re  F  *.V>  The  system  consists  of  tlx  following  definitive  items: 


Submarine  Force 
Submarine  /impulsion 
MLaaile  Type 
Missile  Loading 
Missile  Hangj 
Targets 


10  Submarines 
Nuclear 

Ballistic  y  liquid  propellant 
lo  "per  Submarine  ~ 

IgQ^iicmgles 

10ff“farget3 


?cr  purposes  of  ’iho  sample  cost  structure  ail  items  jrf.ll  remain  constant 
except  missile  rango*  Missile  range  will  be  increased  to  hOO  end  1000  miles 0 
Charges  in  system  costs  due  to  missile  range  variance  will  be  discussed  for 
each  item-.  Total  sar.ple  system  (100  mile  mis? lie)  and  the  Wo  variables 
(1.00  and  3.000  idle  xissilcs)  e.rc  shown  in  Figure  F  2» 


A:  T-nfita-ilatioBn 

(a':ST  ARIA  _ _ _ _  GOST _ 

1  Initial  Frocurosumt  j  13^805  Million 

i  I 

I  b  yr0  Mobilisation  As serve  Operation  None 

|  _ _ TOTaL  COST  __  13.805  Million 

FIGURE  r  - 


INSTALLATION  COSTS 
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1.  Submarine  Shtve  Installation  Requii aments  -»  0>at  12.000  Million 
a.  ^juclear  Dry  dock  and  Baae  Facilities 

(1)  Initial  Procurement  -  A  total  initial  procurement  cost  for 

nuclear  facilities  has  bean  determined  to  be  $12-000  Millions . 
This  data  was  derived  from  a  rough  estimate  ANF  cost-1-)  preuant- 
•ly  in  work  and  from  discussions  with  a  firm?)  that  has  donu 
nuclear  facility  estimating  and  construction.  It  is  believed 
that  overall  submarine  nuclear  propulsion  facilities  should  be 
the  subject  of  an  independent  study.  The  initial  estimate;;  for 
nuclear  facilities  arc  aa  follows* 


INSTALLATION  ITEM 

Coat  (Millions) 

SUB  BASE 

Coot  (Millions) 
DRIDOCK 

(MILLIONS) 

TOTAL 

Laundry  Bldg. 

.2«» 

.250 

.500 

Utility  Shop 

.200 

.700 

.900 

Fuel  IXiiqi 

2.500 

2.500 

5.000 

Waste  Disposal  Plant 

1.500 

2-000 

3.000 

?fa<lical  Center  Bldg. 

.800 

.800 

1.600 

Crash  Unit  Bldg. 

.250 

,250 

vn 

8 

TOTAL  COST 

5*5oo 

6.500 . 

_ 12^000  _ 

FIGURE  F-U  NUCLEAR  DRIDOCK  AND  BASE  FACILITIES  COSTS 


The  installation  costs  include  major  equipment  costs  which 
would,  be  permanently  installed  for  the  equipment's  useable 
life  cpan  Examples*  Heavy  duty  washing  machines,  over¬ 
head  cranes,  large  machine  tools. 

(2)  Five  (5)  fear  Opyation  ~  Costs  in  this  area  normally  covers 
depreciation,  maintenance,  and  operating  expenses.  The  study 
cost  structure  puts  maintenance  In  a  separate  category,  an  1 
depreciation  is  excluded  per  the  Co  sting  Assumptions The 
remaining  item,  operating  expenses,  is  eliminated  as  a  border¬ 
line  conditioa.  Do  you  operate  the  installation  (building t 
plant  shop,  or  fuel  dump)  or  do  you  opavate  the  equipment  con¬ 
tained  therein 0  For  study  costing  purposes,  the  latter  case 
is  assumed,  thus  no  operation  costs  ap pear  here  . 

0  XNVAIR,  A  Division  of  Ganaral  Dynamics,  Fort  Worth,  T e.  is 
e)  Ralph  Me  Parsons,  Inc.  Los  Angeles,  California 
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Effect  of  Increasing  Mlsc-lle  Range  t.o  400  ana  IQCIg 
Coats  do  not.  increase  8 or  wu'-lea;,-  arjxioek  on  bass 
facilities  by  increasing  loiat'De  range-  Nuclear  dry 
dock  aad  base  facilitioa  are  not  dependent  jy.  trio 
ii.in  silo  range  or  1  on  ding ,  Coats  here  vary  ox*Aneipal).y 

with  the  number  of  submarines  in  the  ayeteic., 

Guided  .Mi  a  a  11©  Shore  jnatallatior  Requirement a  Cost 

’  . . .  ~ 


Missile  ah  or  a  installation  crate  /is  fcOjons 


INS  iaLLAHON 


"OT7 VZ - 

PROCUREMENT 
(Millions ) 


Guided  Missile  School 
Mi-  3ile  depot  Installations] 


TOTAL  COST 


.500 

lc305 


7  TYtiv - 

(OPERATION 
(Millions) 


1.305 


"lore 

Norte 


*!or.s. 


'HCVr - *1 

COST 

; Millions) 


-500 

1.305 


1.305 


FIGURE  F  5  GUIDED  MISSILE  SHOE®  INSTALLATIONS 

a o  Guided  Misailo  School  -  Goat  jiCO  Million 

It  is  assumed  that  one  raw  school  would  be  required  to  train 
missile  men  for  ar.  operating  force  of  tan  (10;  submarines- 
This  school  will  bo  physically  located  on  an  existing  sub¬ 
marine  baaa>  The  building  req.ii  reuents  are  based  on  tin 
present  Guided  Missile  SchooIr  N.TKOP,  Paionas  Calif oraLa. 

The  basic  ulaaarocta,  lab  and  office  areas  would  require 
approximately  2-0,000  sq.ft.,  The  misnile  simulator  Puncher v 
a-ri  checkout  et at  ions  would  requir a  *  ppruximiely  5s0OQ  sq.ft. 
A  construction  ecc-fc  of  $20.  CC  per  ec. ft-  ia  usea 

bo  Hissi^o  Depot  Installation  Couv  X.SQj  J-ftliicrj 

The  missile  depot  Installation  W03tu  hare  been  sap-rated 
into  checkout  and  ;aaintenance  inatalivticns  and  stics.Lle 
storage  shedc 

O  :  Gx^Mt  ^  Cost 

.720  Million 

The  three  (j[  major  factors  in  depot  coats  are,  first,, 
the  type  and  s.U;e  of  the  «iissi.U>  second,,  the  nuioer  of 
ai.eaiios  ;liat  the  depot  could  a,<  ccrmraodate  at  arv  ere  tim-i 
and  thirl,  operatic:  ra  to  be  accomplished-  Kcr  this 
system  the  d.ouot  is  a  churned  to  i.ccoraiiod&te  20C  missiles  ■ 
Tha  depot  requirements  era  divided  between  storage  ar<», 
working  area  and  office  srou. 


-  k*t 


Trio,  working  and  storage  ;?.re&  .space  requirements  are 
baaed  on  current  udoailo  depots.  Two  factors  have  been 
ccnsMered  5.r.  caiouls.tin.c-.  the  jniasile  storage  area* 

First.,  thu  miaailc  volume  r  olutionship  ^c&nued  missile 
vs  uz (canned  missile)  ond-  second,,  nj.3s.ile  stack  height? 
Current  missile  program  reflect  a  fairly  high  canned 
tc  unnanued  Kit:  a  lie  volume  Irt  one  typical  program  'he 
ratio  is  f>  to  i.o  for  ths  etu« \j  it  is  assumed  the 
canned,  to  unmanned  inieaiie  volume  will  bo  approodjsatsly 
3  to  1  and  the  missile  stacks  will  he  two  ( 2 }  high. 

Based  on  these  assumptions  the  building  square  footage 
requirements  f.re  39*000  for  missile  storage  and  11,000 
for  checkout,  maintenance: p  and  office  space,,  A  con¬ 
struction  cost  of  $15*00  per  aq^ftc  is  uaedo 

'2'  Guided  Missile  Storage  Shads  >  Cost  ,585  Million 
390  missiles  are  required  to  meet  the  Mobilization 
Reserve  needs.  Storage  shed a  (underground)  with  a 
capacity  of  190  miaoilea  are  required  to  handle  the 
excess  missiles  (approximately  18,000  sq.ft*)*  A 
construction  cost  of  $10.00  por  sq.ft*  in  used, 

5  *  Effect  of  Increasing  M^Lsc^le  flange  to  400  and  1000  %utlcal  Miles 

Missile  range  increase  effects  the  missile  volume  which  in 
turn  efforts  the  space  requirements  wherever  the  missile  is 
a'ored,  handled  or  checked  out.  Additional  installation 
space  requirements  are  based  on  missile  volume  changes  for 
the  /(CO  ant.  1000  mile  range  ’ntseilee* 

Bo  EQUIPMENT 


COST  ITEM 

EQUIFHKHT  COSTS 

TOTAI 

(Millions) 

INITIAL 

PROCUREMENT 

TEAR 

OPERATION 

Submarines 

395*000 

. 

393 .000 

Tender 

7,000 

- 

7000 

Base  Checkout  &  Hand*  Equip* 

2,681 

1*931 

4*612 

School  Equipment 

1,000 

c250 

1,250 

Nuclear  Handling  Equipment 

5.990 

- 

5  990 

TOTAL 

409,671 

2,181 

hll-85.? 

FIGURS  F  EQUIPMENT  OOST3 
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l .  I'  .s:\o_  v’o;’.b.jAs3UB)j;;lr..i.v\ 

i  3i ’rcurine  cci/ts  ^  Arc-  esbr’.’.aitod  in  accor-darK.©  w: .th 
etanlJuvi  practice*  ppq  provisions  ai  outlined  in  the 
'7:5  ’■  b .!  Out  Manual  *o . 

o.  It  bus  been  assumed  that  ono  '!'•  existing  tender^ 

car?  bn  co?we-ted  to  handle  i.ei  t  XO'  nuclear  submarines « 

Equipment  for  oases  and  drydookc  aro  assumed,  to  be 
adequate  for  conventional  eubusi'ire  operation;,  New 
ecuiua&nt  in  required  at  one  baae  a;vJ  one  dr/donk  fcr 
niclcur  ruhajrine  operation  doe  to  3pecial  problems 
■*e;l?it?d  to  fissionable  roattrialc  Special  depot  and 
at  ora  jo  fuel3  ii-ie*  are  also  required  for  guided  missile 
op  arc. oicn.au 

d  Mi ;; 3:1-.  checkout  equipner;  on  submarines  is  included  in 
p'oevroment  cent  of  a.ibmarinea,. 

2  diisr^ian  ^R'jguiretients 

:i  Int  tJ  al  hrocurwaent 

Subrw.rine  construct icr  estinw ,v,es  are  baaed  on  similar 
beats  constrvotedp  being  ccristructed  or  estimated  for 
currant  construction  programs-  General  * ubmarine  design 
assumptions  are  covered  in  Chapter  U  Major  design 
ass-imptions  for  routing  pnrp.  aet  for  the  bace  system  are 


Surf  a  no  Displuo-yudnl  i'or.s  2950 

P'Twer  riant  Nuclear 

Shaft  Horae  Pc-wtu  1:7  *0C© 

Mix  . bn  in  Design  Spvto  25  ki  ot.e 
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71.3  cvorall  culjwiine  con.itni'tion  »>3t.imut®8  have  be  in 
pssptred  in  accordance  -fi th  at ardara  practices  5ai  the 
industry,,  and  :1n  line  with  pr  jvijions  of  BuShlp  require 
merits  Detail  submarine  construction  coot  octimates 

have  not  baas:  prepared  for  Mind!..  1*3.  foe  pilot  otisdy  work 
Tine  ml  marine  costs  for  the  br.se  system  are  «atija.ted  at 
#3i>3,  X0p(X)0  or  ftpprovxrrito'f,-  $39  <X  ..000  oacu 

Gjtpp.'.i  vi  b;,  Ble?tric  Bcat„  h  Diviaic  j  of  <’:neral  2}$  tunica  Co\  pr  s  Grot  or , 
f  u.1.  i  i  o  Butting  !kd.  Manual  ?'av£*ip*  '■■?■)  69:„C hrp  2,  Pbi*.  Gsnsxal 
1'ltc.in;;  Cut  Free,  lens 

n.lsaucjiicn  with  Personnel  of  BuO.-d,  Cub  Washington.  .0  l  . 

Bureau  of  l  hi  pa  /it-iint  Out  K'u.iwl  RsvSMps  25 0  696,  Char  ?  ft.ra  -3-  3  ■ 
Fitting  Oui.  ProbistiH 
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b  Annual  Operations 

Aiiti'aI  operations  is  ehovm  and  explained  under  Item  6 
Expendubieso 

r  grtect,of_Varyk*^ijpi)-H  Sanaas  to  400  fe  1000  Hautical  Miles 

The  submarine  ai.se  varies  with  missile  loadings  and 
range*  The  total  missile  volume  requirements  determine 
the  apace  required  for  missile  stowage.,  handling  and 
launching,  It  ia  assumed  that  the  space  required  for 
missile  checkout  and  fire  control  equipment  will 
remain  fairly  constant 0 


Submarine  Tonnage  10  jftef&le.Loea 

Surface  Displacement  Ballistic  -  Range 


2975 

3300 

4700 


100 

400 

1000 


3«  Submarine  Tender  Costs  ■*■)-  Cost  $7  000  million 


*  °  Initial  Procurement 

The  submarine  tender  conversion  costs  for  missile 

operations  are  $7  million,  broken  down  as  follows 3 

(1)  Missile  Checkout  Equipment  2)3)-  Cost  lo500  Million 
The  cost  of  missile  checkout  equipment  is  based 

on  extrapolation  of  costs  of  checkout  equipment 
used  in  present  missile  programs  2'»  Equipment 
required  is  missile  system  checkout  consoles, 
warhead  checkout  ge»r  and  associated  equipments 0 
The  equipment  would  be  comparable  to  the  shore 
missile  depot  installation., 

(2)  Handling  Eculrasnt^  -  Cost  1  000  Million 
Additional  tender  costs  will,  result  through  the 
addition  of  missile  handling  equipment  such  as 
missile  dollies,  crarss,  storage  racks  and  other 
equipment  necessary  to  store  and  handle  liquid 
propellant  missiles,  Costs  for  this  item  are 
extrapolated  from  cost  data  secured  on  existing 
missile  programs* 


.).]  D-.ucusaions  with  Bureau  of  Ordnance  &  BuAeronautJ.cs  Personnel,  Washington,,  DoC, 
21  Handling  &  f.,3c  Estimates  -  Convair,  Pomona* 

3 1  D:\hcus3iens  with  BuAer*  Personnel,  Washington,  0,C 
!  Jane  ’s  Fighting  Ship  1954-55,  Conv ,  Costs  of  Canberra, 
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O'  Maintenance  and  Repair  Equipment  -Coat  $-.500  Million 
This  consists  of  small  items  of  electronic  gear, 
calibration*  a3j.^oert  and  gauge  teat  equipment o 

(k)  Structural  Changes  to  the  Tender^'-  Coat  $4,000  Million 
Structural  changes  have  been  ccnaidered  necessary 
to  take  care  of  nissjle  storage,  propellant 
storage*  missile  checkout  and  maintenance  and 
repair  areas  within  the  tender* 

bo  S  Year  Operation  of  Tender 

This  item  ia  covered  tinder  cost  area  6  -  Expendables* 

c,  Effect  of  Varying  Missile  Range  to  400  and  1000  Nautical  Milas  , 

It  is  assumed  that  tender  costs  will  not  vary  with 
missile  range*  Complexity  will  not  increase  suffi¬ 
ciently  to  change  submarine  tender  conversion  coats* 

3) 

4»  Oepct  Operating  Equipment  ~  Coot  $2,681  Million, 

-Initial  Procurement 


The  depot  operating  equipment  costs  are  based  on  cost 
data  in  the  above  referenced  report*  The  schedule 
below  Indicates  the  depot  equipment  requirements,. 


MISSILE  DEPOT  CHECKOUT  AND  HA 

HOLING  EQUIPMENT  _  .  1 

ITEM 

INITIAL  (1) 
PROCUREMENT  COSTS 
(000,000) 

USEAGE  (2) 
FACTOR 

5  TSAR  (3) 
OPERATION 

JOW.QQQ) _ 

Checkout  Equipment 

1,500 

10* 

.750 

His eile  Trucks 

,225 

20* 

.225 

Mis? lie  Trailers 

.756 

20* 

.756 

Prire  Movers 

=>093 

20* 

.093 

Mist.  -  Scull  Gear 

.107 

20* 

.107 

TOTAL 

$2  681 

$1,931 

FIGURE  F-7 


1)  l  aT.dlin"  &  ToE*  Estimates  -  Convair*  Pomona* 

2)  «/$.>: e* a  Fighting  Ship  1954-55*  Conv*  Costs  of  Canberra,. 

3)  Ba  on  CRO-T-257  "A  Production  Cost  Estimate  of  the  X3SM-'A-14,  Redstone 
CkLtdsd.  Missile  Systen  -  Boot*  Hamilton  &  Allen  and  Operation  Research  Office* 
John  Hopkins  University,,  11  December  1953* 
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- 1  ,0r;rat\Oi'i 

Op er ;  ting  costs  of  checkout  equipment  ia  10%/jtur 
of  ir.it  ial  cost  Other  equipment  ie  20^/year  of 
initial  coats  (See  Figure  F-7,  Col  3' 

Co  Effect  of  Varying  Missile  Range  to  L£fi  and  1000 
Nautical  Miles 

In  this  category,  equipment  else  is  a  variable  which 
is  dependent  on  missile  volume.  Costs  increase  by 
a  factor  of  approximately  1  and  2  respectively  for 
400  and  1000  mile  missiles. 

5°  Guided  Missile  School  Equipment  -  Coat  $1,000  Million 

a.  Initial  Procurement 

Equipment  requirements  for  a  Guided  Missile  School 
are  based  on  the  present  Guided  Missile  School  at 
Ccnvair,  Pomona.  Equipment  costs  include  such  items 
as  missile  simulator,  launcher,  checkout  stations 
and  furnishings. 

b.  Guided  Missile  School  5  Year  Operation  -  Cost  $.250  Million 

Guided  Missile  School  equipment  cost  ie  $1,000,000, 
operating  costs  are  based  on  5%  of  initial  cost 
X  5  years  operation  or  l.K  I  .05  z  50,000  X  5  years  s 
$250,000. 

Co  Effect  of  Va.Ting  MiseUe  Range  tcJtPQ  and  1000 
Nautical  Miles 

Cost  of  equipmsnt  required  ut  the  school  will 
increase  as  the  missile  range  and/or  sise  increases, 
due  primarily  to  increase  in  size  and  complexity 
of  missile  simulator  and  launchers  and  so  on. 

Costs  increase  by  factors  of  approximately  1/2  and 
2  for  400  and  1000  mile  missiles. 


1)  2) 


Cost  $5*990  Million 


a  >  Initial  Procurement 

Initial  nuclear  handling  equipssont  estimates  are  as 
follows x 

I  Ralph  M.  Parsers  Company,  Los  Angeles. 

Fort  Worth  Division,  Convair. 

r.  F  r  Q  F  T 
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!  EQUIPMENT  ITEM 

l  Millions '' 

BASE 

Millions ) 
DRYDOCK 

(Mill ions) 
TOTAL 

Laundry  Equipment 

080 

oOQO 

,160 

Utility  Shop 

>250 

«750 

1.000 

^jel  Dump 

,040 

,040 

,080 

Waste  Disposal 

1,000 

1,250 

2o250 

Medical  Center 

750 

o750 

1>500 

£ra»h  Unit 

,  500 

o500 

loOOO 

TOTAL  COST 

2,620 

3«370 

5*990 

FIGURE  F'8  HUCLBA.il  EQUIPMENT  COSTS 


b-  5  leer  Shore  Equipment  Operations  -  Coat  None 

No  satisfactory  operating  costs  for  nuclear  equipment 
can  be  obtained c  thus,  is  emitted  fits  the  study  for 
the  First  Phaee0 


c  -  SSXssS.  £L2MixiaKJBua&&  Bang  IsJQSLmA  ifigfi 

Base  and  drydock  requirement b  are  variables  based 
on  the  submarine  force  else  and  not  on  missile  range 
and/or  volume,  thus,  no  change  in  cost  results  by 
varying  missile  range  o 


C,  Personnel 


Costs 

COST  CATEGORY 

Sub- Total 

Total  Coete 

(Millions ) 

(Millions) 

Initial  Procurement 

None 

None 

f  year  Operations 

Operations 
•  Submar ine  Crew 

21  600 

Tender  Crew 

21o600 

Depot  Personnel 

6  ><500 

TOTAL 

49=200 

49=200 

draining 

Sub  Missilg 

Submarine  Crew 

08IO  .  091 

Tender  Crew 

|  TOTAL 

1.530  1,881 

3o4U 

1  GRAND  TOTAL 

52^611  <"  ■  r 

PTftllDV 

a  o»o<vwtmpi  nuTOiT’TMT.  i,  TNA  TUTUTl  COSTS  ;  L_ 

j  f>*i 


1 

•  Ma-«..A!L«5»iCUsaS 

•;  ,  The  crew  aiae  will  not  increase  appree iably  with  submarine 
tonnage  increases 

b  The  tender  size  will  remain  constant  rela  ive  to  submarine 
tonnage  increase o 

c  Missile  training  will  be  given  to  \5%  of  the  total 
s u taurine  and  tender  crews,  including  immediate 
support  personnel 

do  »noual  subuarlne  training  ia  included  for  25%  {tar  sub) 
and  20%  (tender)  of  the  total  manning  force  to  cover 
tranafere  and  discharges c 

So  Pay  rates  are  based  on  1955  rater 

f  o  No  costs  are  included  for  nuclear  power  plant  training. 

g.  Dus  to  personnel  attrition  rat-us  a  20%  factor  is  used 
to  maintain  100£  operating  crews.  This  20%  factor  is 
expressed  as  "Immediate  Support" 0 

ho.  No  provision  has  been  made  for  mass  initial  training 
ooete  for  submaidne  or  missile  training  schools.  It 
Is  assumed  that  an  adequate  number  of  trained  sub¬ 
mariners  will  be  available.  The  missile  training  coats 
for  submarine  and  submarine  tender  crews  cover  annual 
attrition  and  refresher  training.  The  initial  missile 
crews  would  be  obtained  from  the  prototype  programs. 

i.  No  costs  havs  been  determined  for  submarine  base 

personnel ,  The  costs  hsre  would  costs  from  the  personnel 
required  to  operate  submarine  bases  such  as  Pearl  Harbor 
or  Coco  Solo.  The  immediate  personnel  support  costs 
are  not  intended  to  cover  personnel  costs  in  this  area. 

In  essence  the  costs  reflected  hsre  would  be  the  back¬ 
up  force  (shore  based)  required  to  support  ten  (ID) 
submarines  and  one  (1)  submarine  tender  at  tea.  These 
costs  will  be  determined  for  inclusion  in  Phase  Two 
m  of  the  study. 
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.  Submarine  Crtr-'  -  Coat  $21,600  Million 

The  pay  and  allowances  for  submarine  crown  are  baaed 
on  1955  pay  ratea  For  thia  syeteia  the  crew  re¬ 

quirements  are  1080  oeru  The  basic  crew  ia  90  men 
and  the  immediate  support  personnel  are  figured  at 
20^L  An  annual  average  coat,  of  (4000  per  man  la  uaeriL 
Coats  then  are>,  1080  but.  X  $4000  X  5  years»$21  600  mlllionM. 

b»  Effigt,  of,  Iagregelqg  Hl»t  lie  Rings  to  4Q0  1DCO 
Nautical  Miles 


Submarine  crew  else  is  a  variable  depending  or  sub- 
■arir  nise,  however,  no  increase  in  cosc.  results  from 
varying  missile  range  in  this  case  because  submarine 
aise  increases  are  not  significant  enough  to  require 
more  personnel? 


3.  Submarine  Tender  Crew  -  Cost  121.600  Million 

*■>  i  2m.  ocagagB 

One  tender  ia  assumed  to  be  adequate  for  thie  system. 

The  crew  will  number  1000  plus  200  aan  i Mediate  support? 
The  average  pay  is  $3600  **  per  man /year.  The  cost 
derived  is*  1200  man  X  (3600  X  5  years  -  $21,600  Million 

t>»  SfatekJiOyadaL . S&dklSsJ£9.  iasL 2SBS- ito&s tl 

Miles 

Tender  personnel  is  a  var  iable  dependent  on  the  number 
of  submarines  tended.  Hlesxle  range  is  not  a  factor  in 
determining  tender  personnel  requirements,  thus  no 
cost  increases  result  by  varying  missile  ranges? 

4»  Depot  Personnel  -  Cost  $6,000  Million 


LJterJteaatlg* 

Hie  miesile  depot  personnel  requirements  are  based  on 
information  obtained  fresi  several  sources  "or  the 
system  depot  six  (6)  miscilc  checkout  stations  are 
required  with  associated  calibration,  maintenance,  and 
repair  personnel  for  mis file  and  test  eqiipment  opera¬ 
tions.  A  missile  checkout  crew  is  composed  of  ten (10? 
men.  A  spare  checkout,  crew  hae  been  provided  to  cover 
vacations,  absenteeism,,  arid  training. 
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1  >/ flee  of  Asst.  Controller,  Director  of  Budgets  &  Reports t  Washington,  D.C. 

2  Sue' air  Washington  Office  -Infer  ,  on  Hand  Seal  Beach,  Calif,  and  NAD  H  Ingham,  has  a 
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ll‘«  depot  personnel  number  ::.s  200  for  this.  system, 

Thti  ratio  of  -ivilian  to  service  pe rsormed.  is  assumed 
to  be  <  to  lo  A  composite  rate  of  $6fG0Q  per  man/ year 
is  used,  The  costs  derived  are  :  ?X>  men  X  $6,000  X 

5  years  $6,000  mil  '■  ion 

b<  Effect  of  varying. Missile  Range  to  400  and  10QQ  Nautical 
Miles 

Depot  personnel  is  a  variable  of  missile  range,  also, 
and  complexity  a  varying  range  missile,,  size  and 

complexity  increase,  thus  ar.  increase  in  depot  personnel 
result sD  due  primarily  from  handling  and  checkout, 

5-  Submarine  Training  -  Cost  $1,530  Million 

5  Year  Operation 

Annual  training  has  been  provided  for  25%  of  the  90 
man  submarine  crew,  and  20 %  of  the  submarine  tender 
crew  (includes  20$  immediate  support  personnel)  o 
Training  costs  are  based  on  a  rats  of  $600/man1'. 

The  training  costs  cover?  tlO  men  X  $>600  X  5  years  ■- 
$1,530  million 

b.  Effect  of  Varying.  Mlaaila  Range  tc  4OC1  and  1000  Haul  leal 

lyai 

Submarine  training  ia  a  variable  based,  on  number  of 
submarine  crews  end  is  not  dependent  cn  missile  range. 

6  KtoiyaJfrailto  ~  Cost  $1,681  Million 


1 3  g  Yyar  Operations 

Tre  missile  training  requirements  are  based  on  the 
assumption  that  of  a  90  man  crew  submarine  and  a  1000 
mar  tender  crew  {/  20  lusediate  support  personnel) 
approximately  15%  will  be  given  training  annually. 
Missile  s-ihool  training  costs  average  $1100  2  per  man 
Based  on  the  15%  factor  a  total  of  >42  met.  will  require 
training  annually-  Costs  then  are'  ?42  men  X  $1100  X 
5  years  -  $1<.881  million. 

b-.  Effect,  of  Varying  Mjaajle  Run.a  to  400  _ana.  iOQQJiautic&l 

No  effect  since  missile  training  varies  directly  with 
number  of  submarine  and  tender  Tews, 


1;  Con  Sub  Lant,  New  London a  Conn, 

2*  Guided  Missile  School,  Convair,  Pomona, 
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Cost  Area 

^Missiles 

Aveo  Uhit 
Cost 

Total 

Stock 

290 

*056 

24,800 

Expendables 

200 

.056 

12 0 800 

FIGURE  P-12  MISSILE  COSTS 


Missile  costs  hays  been  determined  as  follows  * 

a*  Mi sail*  gross  weight  and  Average  unit  cost  for  several 
missiles  with  unit  costs  ranging  frost,  four  (4)  proto 
type  units  to  10,000  production  units  were  obtained 

bo  An  arbitrary  base  of  sixty  (60)  missiles  was  used  to 
extrapolate  coete  for  the  various  types  of  nissileso 
Utilising  the  90Jf  learning  curve  the  unit  coets  for 
various  missiles  at  specified  production  quantities 
was  obtainedo 

Co  The  system  missile  requirements  are  a  function  of 
maker  of  targets  to  be  oorered  and  are  derived  as 
follows! 

(1)  M100  X  1.3  X  3)  /  200 

M=  390  /  200  «  590  missiles 


where! 

M  -  "total  number  of  missiles  required 
100  s  jJhaber  of  targets  covered 
1*3  ~  A  constant  based  on  missile  pre-flight 
reliability  and  hit  accuracy 
3  z  Mobilisation  Reserve  factor  -  a  constant 
200  r  Number  of  training  missiles  required 

(e  variable  based  on  number  of  submarine 
crews) 

(2)  gfcgsla 

Mlssilss  in  stock  represent  maker  of  missiles 
required  for  100  target  coverage  (130)  times 
mobilisation  reserve  factor  (3)  making  a  total 
of  390  missiles  In  stock. 

(3)  &BSS&&2S 

Missiles  expended  are  200  and  is  detsrminsd  as 
follows 3 

F  F  f  !?  F  T 


/?? 


Total  crews  (10)  X  Support  (20/5) 

4  missiles  par  crew  initial 
training  4  X  3.2 

Plus  2  ndasilsa  per  orw  annua.' JLy 
for  training  purposes  12X2X5 
Plus  spares  (in  equivalent, 
missiles)  figured  at  25%  of 
5  year  training  allowance  or 
120  X  <,25* 


x  12  crews 
-  48  ai83i3.es 
-120  missiles 


™  j}0  Bi88il«3 


Total  aissiler  expended  «198 

(Rounded  to)  200  missile a 


d»  From  the  learning  curve  ext  re  polations  tas  unit  cost  of 
the  missile  ic  approximately  $56,000.  These  costs  are 
broken  down  on  an  approximate  basis s 


tfarhoad  (H<E,  non-nuclear)  $  2„500 
Power  Plant  15 .000 
Controls  Vi>-000 
Airfrnno  4.500 


TOTAL 


$56,000 


Tho  coats  in  t-Via  area  cevsr  supplies  ar.d  equipage  *cr  the 
operational  units  of  the  system.  Coat*  ere  derived,  as 
follows? 


|  STOCKS 

AJiKUAJ  SUPPLY 

(Factor  1/2)* 

TIMES 

TOTAI 

!  Submarine 
|  lender-  Subnarine 

C*  25,  COO 

:ae,  ooo 

$  32,500 
55,000 

10 

1 

J125,C0O 

55?000 

TGT/,  L 

liac'^cp)' 

FIGURE  P-1/-  CXI  ol’’  3TOCX  .'SUPPLIES 


^Tho  factor  ie  resoS.ved  as  felievs  i 

90  r!ay  re  serif  e  l/L,  year  supplies 

Tnit.icJ  outfitting  supplies  to  jaet  .i/4  year 
Adding  these  two  (2)  'S.tessa  the  factor  oqqnls  1/2  year 


•gy* 

.  V 


I 


i  \ 


i 

l 


Total  crews  (10)  X  Supper?  (20/J) 

4  missiles  par  crevr  ia3.tl.rl 
training  A  X  12 

Plus  2  irioeilos  per  era*  ;  nnna  Hy 
for  training  purposes  12X2X5 
Plus  erarss  (in  equivalent 
missiles)  figured  at  25/-'  of 
5  yean  training  allowance  or 
120  X  .25* 


;i.  12  crews 
™  A8  missile s 
420  missiles 

i,  30  nd.83ile3 


Total  missiles  expended  .?1£8 

(Roundel  to)  2CO  missiles 


d«  From  the  If  anting  curve  scctmpol^tions  t  :j  unit  cost  of 
the  ?n:.03ilc  ir  rnprearinAtely  ^*>6  .000.  Tkjuj  costs  art- 
broken  desn;  or  an  appro: cirri?  harisi: 


Warhead  non-  nuclear' 

Power  Plant 
Controls 
A1 rfxj.r.s 


TOTAL 

■>  Suprlies 


$  .?. ,  300 

5,000 

v.,000 

-.iuJOO 

4>6pcoo 


Ibo  cojts  in  this  *ret  ccv>  *  supplies  and  sqitipu&e  *.r  the 
oparaticn::!  unit 3  of  the  Coat?,  ers  derived  us 

foil or j' 


cio  ;■  3'KJT>;> 


1  °  !_ 

f 


(Fiot.or  1/2)* 

r  i 

TIHFXj 

TOTAL  | 

\ 

;  z  r.ri  r.n 

A  25.Ct3 
llC!  0»X) 

$  12 ,  >00 
55-000  j 

10  | 

J.R.COl  j 

?SsCiX:  | 

Jl&ca:  J 

FXGlTiTS  F*  .V-  CXI  1’  ST OCX  AUR»UE3 


»7he 


fucter  is  rorolved  au 
vO  ('v.y  resor/e 
■irdtifl  cutf -t l.i"‘r 

these  ire  ?2  « 


folio  3  2 

Vt  yc  :r  lies 

uuf-plj  23  :c  ?.z  1  I/l  year  _ 

itcrc  the  fn<  l  or  cqvi'.ls  1/2  year 
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b  £  C  U  £ 


EXPENDABLES 

Annual  Supply 

X  Times 

5 

5 

TOTAL 

Submarines 

Tender-Submarixe 

♦  25,000 
no,oco 

OH 

11,250,000 
550,000  1 

TOTAL 

♦1,800,000  ! 

FIGURE  F-14  COST  OF  EXPENDABLE  SUPPLIES 


^  fusi 

The  coats  here  cover  the  initial  nuclear  fuel  requirements 
plus  one  (l)  refueling o 


STOCK 

X  Factor 

2  X  times 

TOTAL 

H 

Submarine 

— 

♦  450,000 

900P00C 

10 

♦9,000,000 

Tender-Submarine 

140,000 

_ 

70,00C 

1 

70,000 

Trnr 

TOTAL 

♦9,070,000 

FIGURE  F-15  COST  OF  STOCK  FUEL 


Annual  Supply 

X  Times 

TOTAL 

Submarine 

♦  150,000 

mm 

5 

♦7,500,000 

Tender-Submarine 

140,000 

1  D 

5 

700,000 

TOTAL 

♦8,200,000 

FIGURE  F~16  COST  OF  E -PENDED  FUEL 


5=  Ancuniticrt  (Training) 

Missile:.*  are  not  included  In  this  category.  This  training 
allowance  covert  ordnance  items  hormally  allowed  for  sub¬ 
marines.. 


STOCKS 

Annual  Supply 

X  Factor 

1/2  X  Times 

TOTAL  . 

Submarines 

Tenders-  Submarine 

♦20,000 

88,000 

♦20,000 

44,000 

10 

1  i 

♦100,«;0 

44,000 

TOTAL 

FIGURE  F-  17  COST  OF  STOCK  AMMUNITION 
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C  C  f 

)lI 

R  E  T 

EXPENDABLES 

Submarines 

Tatider-SubiNarine 

Annual  Supply 

$  20,000 

88,000 

X  Times 

10 

X  Mia 

5 

5 

TOTAL 

$1,000,000 

440,000 

TOTAL 

$1,440,000 

FIGURE  ¥-18  COST  OF  EXPENDED  AMMUNITION 


6,  Food 

The  annual  feeding  allowance  covers  the  maximum  actual  crew  allowance 
The  immediate  support  personnel  food  allowance  is  not  covered  here. 
Base  operation  costs  will  pick  up  these  people  for  food  and  any 
other  allcwar.ce  e caput-*:,  oa  a  per  un  basis. 


STOCKS 

Submarine 

Tender-Submarine 

Annual  Supply 

X  Factor  1/2 

X  Times 

10 

1 

TOTAL 

$225,000 

67,500 

$  45,000 

135,000 

$  22,500 

67,500 

TOTAL  (Rounded) 

$293,000 

FIGURE  F-19  COST  OF  STOCKED  FOOD 


EXPENDABLES 

Annual  SuddLy 

X  Times 

X  lean 

[total 

Submarine 

$  45,000 

:*.o 

5 

^2,250,000 

Tender  Submarine 

«  135,000 

1 

5 

675,000 

TOTAL 

>2,925,000 

FIGURE  F-20  COST  OF  EXPENDED  FOOD 


7->  Sj*£«3vrt 4 

The  coats  In  this  area  are  computed  on  a  percentage  basis-  For 
the  Riasc  I  costing  purposes  a  5$  factor  has  been  applied  against 
the  initial  equipment  procurement <>  This  applies  to  the  stock 
ccstSo  Expended  equipment,  spares  on  submarines  and  tenders  are 
included  under  maintenance - 


/9/ 


.  '  j .  / 

)  i  c 

J  L  L-  1 

\  1:  i 

n.  STOCKS 

!  Equipment  Cost 
j  ....  .Kllliono  < 

TOTAL  | 

££* etsciil.  1 

«  ! 

'  isHifissat, 

j 

,  < 

f 

Submarines 

|  i  393  X00 

19o6>0  i 

!  Tenders  *dubaar  1  is 

7,000 

<>3r*0  | 

1  Missile  Dspot 

1  2,631 

.134 (rounded)  j 

Missile  School 

1,000 

oO  i0 

|  Be.se  k  Drydock 

5*9X> 

.300 

j  TOTAL 

409  6?1 

20.434  j 

FIGURE  P-21  CCST  OF  STOCKED  SPARES 


b«  Expendables 


For  initial  costing  the  stock  aparsa  are  considered  adeqiuihs 
for  both  w.r.ftoi'xoe* 

8 „  Effect  cf  Increasing  Missile  Range  to  400  end  1000  Nautical  Miles 

Cost  of  missiles  required  for  this  system  is  a  variable  dependent, 
on  ni8s}lw  range*  Missile  veight?  volume  and  complexity  increase 
thus*  rests  will  increase  in  the  aiesile  at  oak  and  expendable 
aroaso  All  other  areas  are  var:.»blen  based  on  submarine  size 
and  are  affected  vhei  tne  10CC  nils  nisoi.les  are  used,  since  this 
increases  submarine  ji«o  considerably  over  tyUrnriues  carrying 
100  and  400  mile  missiles. 


Malntonance 


Initial  Procurement 

3  year  Operation 

Lost 

None 

*126.069  Millions 

TOTAL  COST 

$126  069  Millions 

FIGURE  F~22  MAINTENANCE  COSTS 


I*  Basic  Ccst  Assumptions 


a.  Submarine  and  ouimirine  tender  mintenance  costs  have  betsn 
based  on  costa  for  existing  SSR*o  unci  tenders. 

bo  One  (l)  conTvrted  tender  ic  ansunerl  to  be  sufficient  tc 
harctle  ten  {10/  nuclear  subrarj  ice  , 

ct  ilaintenance  occurs  only  efter  equipment  is  procured,, 
therefore  no  initial  procurement  c«>;;d.,e  inply  in  this 
category* 


c  r 
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do  All  expanded  spares  are  assumed  to  fall  under  the  maintenance 
category n 

9o  A  spares  usage  factor  on  equipment,  other  than  submarines 
and  tenders P  haa  not  been  determined  at  this  time. 

2«  Submarine  Maintenance 

a.  Submarine  5  Tear  Maintenance  -  Cost  12  325  Million 


Cost  data  on  submarine  maintenance  ^ -are  based  on 
maintenance  costs  of  present  SSP.’a  and  have  been 
increased  as  indicated  for  nuclear  operations « 


MAINTENANCE  FACTOR 

SSR  BASE 
($000,000) 

NUCLEAR 

($000,000) 

5  Ir.  OPERATION 
($000,000) 

Emergency 

c.040 

.075 

.375 

Overhaul 

.300 

2.300 

11.500 

Repair 

,025 

.030 

.150 

Spares 

«030 

.060 

.300 

TOTAL 

$12,325 

FIGURE  F-23  SUBMARINE  MAINTENANCE  COSTS 


‘a*  Bffuct  of  Varrinx  Missile  Rarwt.to  AOO  «d  10Q0  Hmtigsl  Miles 

An  increase  in  maintenance  results  when  submarine  tonrv  *e 
increases o  For  the  400  mile  missile  submarine  sise  does 
not  increase  significantly,  thus  maintenance  costa  increase 
only  slightly o  In  the  cs.se  of  the  1000  mile  missile,  sub¬ 
marine  tonnage  Increases  significantly,,  thus  maintenance 
costs  Increase  by  a  factor  of  approximately  1/2  over  that 
for  submarines  carrying  100  mils  missiles.. 


3>  3teQdg£jfeMSB6Bgg 


a. 


-  Cost  $1,120  Million 


Tender  maintenance  costs  hare  been  based  on  costs  L ' for 
present-  tenders.  It  is  assumed  that  nuclear  submarine 
operations  will  not  increase  tender  maintenance  coat a t 


I)  U.SnNavy,  office  of  Assistant  Controller,  Director  of  Budgets  &  Reports. 
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MAINTENANCE 

FACTOR 

BASE 

(1000,000) 

5  YEAR  OPERATION 
($000,000) 

Emergency 

.033 

ol65 

Overhaul 

.136 

.680 

Repairs 

<.020 

,100 

Spares 

.175 

ol75 

TOTAL 

$lol20 

FIGURE  F-24  TENDER  MAINTENANCE  COSTS 


b  gf of  Inceeasing  Missile  Range  to  400  and  1000  Nautlck]  Miles 

No  cost  Increase  results  since  maintenance  costs  of  tenders 
Is  s.  variable  dependent  on  number  of  tenders  used.  Submarine 
force  slse  dictates  number  of  tenders  required. 

4*  Qulded  Missile  System. Eoulcment  and  Building  Maintenance 
for  5  Tears  -  Cost  1.699  Million 


GUIDED  MISSUS  SYSTEM 
MAINTENANCE  ITEM 

Initial 

Equip. 

Costs 

:ooo.ooo) 

' 

Equip. 

Life 

Years 

Bldg. 

Sq. 

Ft»ge, 

Anrv.i*l 
Main t„ 
Factor 

5  Yr, 

Total  Mainto 
Costs 
(000.000) 

Depot  Handling  Equipment 

1.131 

ID 

- 

5%  Inito 
Cost 

.295 

Depot-  Checkout  Equipment 

1.500 

10 

— 

lOfclnit. 

Cost 

•750 

Sohool  Equipment 

1.000 

10 

— 

10%Init. 

Cost 

.500 

School  Building 

•r» 

25,000 

$.20/sq. 

fto 

.025 

Depot  Facilities 

53,500 

$.2C/sqc 

ft. 

olOO 

Storage  Sheds 

- 

*0,000 

$.10/sq. 

rf 

.029 

|  TOTAL  MAINTENANCE  COSTS 

$1,699 

FIGURE  P-25  GUIDED  MISSILE  SYSTEM  MAINTENANCE  COSTS 


b”  Eg&gt-gf  Varying  Missile  Range  to  400  and  1000_Hautical  Nile? 

As  missile  volume/range  increases  requirements  for  heavier 
handling  gear,  more  school  equipment  and  larger  storage 
and  checkout  facilities  are  required,,  These  are  increased 
for  missile  range  as  follows!) 


Guided  Fissile  system  equipment  and  buildings  are  variable 
of  missile  range/volume,  thus  costs  increase  in  all  the 
areas  of  Figure  F~25  when  missile  range  is  increasedo 

Depot  handling  equipment  required  becomes  heavy  due  to 
larger  missiles  and  increase  in  costs  Depot  checkout 
equipment  costs  increase  due  to  increase  in  complexity, 
especially  of  guidance,  in  the  longer  range  missiles »  The 
same  is  true  of  school  equipments  Missile  simulators  and 
launchers  become  more  complex  and  costly» 

Building  space  requirements  increase  with  larger  missiles 
thus,  cost  of  building  maintenance  Increases  with  missiles 
of  longer  range o 
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PART  0 

Operational  Availability  and  System  Growth 

In  the  evaluation  of  the  strike— submarine  veapon  system  consideration  was 
given  to  the  factors  of  operational  availability  and  system  growth-  The 
definitions  of  operational  availability  and  system  growth,  the  operational 
availability  of  strike-submarine  weapon  systems,  and  the  data  pertinent  t.o 
the  growth  of  the  system  are  presented  in  Chapter  11 >  The  detailing  of 
the  bases  for  and  the  method  of  determining  the  availability  of  the  system 
art)  presented  below 

OPERATIONAL  AVAILABILITY 

lo  Missile  Operational  Aw. liability 

The  time  required  for  new  guided  missile  designs  to  become  operation¬ 
ally  available  is  presented  in  Figure  G-l,  which  is  the  same  as 
Figure  ll-lo  Guided  missile  operational  availability  is  shown  as  a 
function  of  the  gross  weight  of  the  missile.  The  figure  is  based  on 
the  time  requirements,  actual  or  estimated,  of  various  guided  missile 
programs  of  the  United  States c  The  analysis  of  the  various  programs 
revealed  that  a  design  based  essentially  on  the  same  knowledge  employed 
in  preceding  designs  would  become  operational  in  approximately  eighty 
per  cent  of  the  time  required  for  the  original  designs o 

Figures  G-2  through  G-4  seta  forth  missile  characteristic  data  for 
Mach  3c5  ramjet  cruise,  liquid  propellant  ballistic,  and  solid  pro¬ 
pellant  ballistic  guided  missiles,  where  missile  gross  weight  vs 
missile  rang*  ia  shown  as  a  function  of  missile  warhead  weight o 
Missile  operational  availaoility,  from  Figure  G-l,  is  also  plotted  in 
Figures  G-2  through  0-4« 


1) 


2) 


Figure  G  1  is  based  on  data  from  the  following  sources  *  Bomarc 
(Booing  Aircraft  Company),  Corporal  (California  Institute  of 
Technology/Jet  Propulsion  Laboratory),,  Matador  (Glenn  1^  Martin), 
Redstone  (Redstone  Arsenal),  Nike  (Bell  Telephone  Laboratory), 
LaCrosse  (Cornell  Aeronautical  Laboratory),  Oriole  (Glenn  L,  Martin !„ 
Falcon  (Hughes  Aircraft  Company),  Rascal  (Bell  Aircraft  Corporation), 
Sparrow  I(Sperry  Qyrcscope),  Sparrow  II (Douglas  Aircraft  Company )s 
Sparrow  III (Raytheon),  Regulus  (Chance  Vought),  Sidewinder (it 3. 

Naval  Ordnance  Test  Station),  SnarU  (Northrop  Aircraft),,  and  Nav,ihc 
(North  American  Aviation)  progress  reports  2  OoSoNaval  Ordnance  Test 
Station,;  United  States  Navy  Bureau  of  Ordnance  and  Bureau  of  Aero¬ 
nautics  g  Redstone  Arsenal;  California  Institute  of  Technology/ Jet 
Propulsion  Laboratory!  Northrop  Aircraft  Corporation;  North  American 
Aviation,  Inc* 

Missile  characteristic  data  based  on  the  data  presented  in  Appendix  B-> 
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Figures  G  5  through  G  7  depicts  the  results  of  cross  plotting  tho 
missile  characteristics  data  and  missile  availability  data  in  Figures 
G-2  through  G-4,  respectively «  In  Figures  G-5  through  G»7  missile 
operational  availability  is  exhibited  as  a  function  of  missile  warhead 
weight  and  missile  range.,  The  data  for  the  fifteen  hundred  pound 
warhead  missile  designs  are  shown  in  Figures  G-21  through  G-59«> 

2»  Submarine  Operations!  Availability 

The  time  required  for  a  submarine  to  become  operationally  available 
is  shewn  in  Figure  0-8,  which  la  the  same  as  Figure  11- 3-.  Then, 
employing  the  submarine  operational  availability  data  In  Figure  G-8 
and  taking  into  consideration  the  submarine  cost  data  presented  in 
Figures  G-9  and  G-10,  *1,  the  submarine  operational  availability  is 
portrayed  in  Figures  G~ll  through  G>*13  as  a  function  of  submarine  dis¬ 
placement  (surface),  the  number  of  submarines,  and  the  annual  rate  of 
expenditure  for  submarines  o  The  cost  data  of  the  converted  World  War 
II  diaeel-eleotric  fleet  type  submarines  is  set  forth  in  Figure  G-14, 
3',  which  data  are  used  in  the  determination  of  the  operational  avail¬ 
ability  of  the  converted  submarines,  as  shown  in  Figures  G-57  through 
0-59. 

Figures  G-15  through  G-20  depict  submarine  displacement  vs.  missile 
range  data  as  a  function  of  both  missile  warhead  weight  and  also, 
submarine  missile  loading  oapaoity,  ,  This  data  is  shown  for  both 
nuclear  powered  and  diesel-electric  powered  submarines  which  are  to 
carry  Mach  3  5  ramjet  cruise,  liquid  propellant  ballistic,  or  solid 
propellant  ballistic  guided  missiles  o 


1)  Figure  G-8  is  based  on  data  from  the  following  sources  is  KLeetrie 
Boat  Division,  General  Dynamics  Corporation;  United  States  Navy 
Bureau  of  "hips,  Subserine  Branch;  Mere  Island  Naval  Shipyard; 
Jane's  Fighting  3hipaf  Jane's  Fighting  Ships  Publishing  Co.p  Ltdo , 
1954-1955  Edition. 

2)  Submarine  coot  data  based  on  the  data  presented  in  Chapter  10. 

3)  Converted  World  War  II  diesel-electric  fleet  type  submarine  cost 
data  based  on  the  data  present eel  in  Chapter  10« 

4)  Submarine  characteristic  data  based  on  the  data  presented  in 
Appendix  A« 
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The  data  contained  in  Figures  G~H  through  G-13  and  the  data  in  Figures 
0--15  through  G-20  are  then  cross-plotted  to  determine  for  the  various 
submarine  designs  the  submarine  operational  availability  as  a  function 
of  missile  range,  the  annual  rate  of  expenditure  for  submarines „  and 
both  the  number  of  submarines (which  is  shown  in  Figures  G--21  through 
G-38)  and  also,  the  missile  loading  capacity  of  the  submarine  (which 
is  shown  in  Figures  G-39  through  0-56)-  The  result  of  this  cross- 
plotting  is  presented  in  Figures  0-21  through  0-56  for  submarine 
designs  based  on  carrying  guided  miaailes  with  fifteen  hundred  pound 
warheadun  Similarly*  Figures  C-  57  throng  (!— S9  present  tfca  opera 
tional  availability  of  converted  World  War  II  diesel- electric  fleet 
type  submarines* 

3«  Budgetary  Considerations 

The  federal  budget  is  influenced  by  many  factors  beyond  the  control  of 
the  naval  planners  and  has  varied  radically  in  the  last  decadSo  The 
fiscal  year  1956  appears  to  be  an  average  one  in  the  counter  balancing 
of  these  factors,  In  the  budget  estimates  presented  to  Congress,  the 
Navy  asked  for  roughly  276,000,000  in  shipbuilding  and  conversion  monies 
for  CVA  types  o  This  was  divided  as  follows  > 


New  Construction 

CVA 

r  89,311,000 

Conversion 

CVA 

58,000,000 

Angled  deck  Conversion 

CVA 

18,908,000 

Helicopter  Transport  Conv. 

CVHA 

10,307,000 

TOTAL 

♦276,526,000 

Since  the  carrier  task  force  concept  is  a  well  established  one,  this  budget 
appears  as  an  approximate  upper  limit  far  a  particular  weapon  system's  ship¬ 
building  and  conversion  annual  authorisation.  Similarly,  the  1956  proposals 
for  submarines,  other  than  entirely  new  types  mere: 

ii  Conventional  SS  $  93,297,000 

2  Nuclear  SSN  96,180,000 

1  Nuclear  Radar  Picket  95»OUl«OQO 

TOTAL  $2$b,5lb,000 

In  the  relatively  new  field  of  guided  uiasile  submarines  (SSG)  the  extent  of 
the  proposals  were  more  limited. 

1  SSG  Conversion  ♦  5,090,000 

.1  SSG  New  Construction  1*1**573*000 


TOTAL 


♦  1*9,663,000 


CONVAIR 

A  Division  of  General  Dynamics  Corporation 
( Pomona ) 


Although  there  have  been  several  conversions  of  SS  to  SSG,  this  class  may 
be  considered  as  a  completely  new  type  in  fiscal  19$60  Hence,  $50*000,000 
may  be  considered  a  lower  limit  of  the  annual  "shipbuilding  and  conversion" 
budget  for  a  naw  type  of  ahlpo 

Disregarding  the  "research  and  development"  appropriations  necessary  for  the 
missile  and  considering  only  shipbuilding,  production,  training,  personnel*, 
and  facilities  appro'  '.ations,  the  shipbuilding  costs  may  amount  to  about 
$0%  of  the  total  cost  of  a  system  consisting  of  new  ships  and  weapons0  How 
ever,  since  the  Congressional  authorisation  to  build  ships  gives  fairly 
effective  arguments  for  Justification  of  personnel  and  other  budgets,  the 
limits  of  the  probable  budget  will  be  confined  to  the  "Shipbuilding  and  Con¬ 
version'1  appropriation.,  Thao  a  may  be  assuaad  to  be  $50,000,000  and 
$275,000,003,, 

Sir  ijce-  Submarine  Weapon  Syatem  Operational  Availability 

The  operational  availability  of  the  strike-submarine  weapon  system 
is  determined  Iren  Figures  G~21  through  0-59  Figures  G--60  and  G-6l(, 
which  are  the  same  as  Figures  11*5  snd  11-6,  illustrate  the  operational 
availability  of  the  weapon  syetemo 

The  data  presented  In  Figures  0-60  and  G-61  are  consistent  with  the 
assumptions  made  in  Chapter  1,  the  various  configurations  of  the  weapon 
system  described  in  Chapter  6,  an  assumed  go-ahead  date  of  January, 

1957,  for  initiating  work  on  the  weapon  system,  an  annual  expenditure 
rate  for  submarines  of  two  hundred  million  dollars  per  year,  and 
missile  warhead  weights  of  fifteen  hundred  pounds o 
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